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ACONITIC ACID

Summary

The literature available on aconitic acid is limited and deals
chiefly with two aspects of the substance: the role of aconitic acid
in the citric acid or "Krebs Cycle", and the possible ftoxicity of
the substance as a component of the diet of ruminants - sheep and
cattle - and in some instances, of horses.

The investigations of Krebs and Johnson in the early 1930's
which led to the citric acid cycle postulated in 1937 have become
a classic in modern biology. Carbohydrates, amino acids and fatty
acids during respiration yield acetyl groups which enter the fricarboxylic
acid or Krebs cycle, progressing through citrate to cis-aconitate to
isocitrate to alpha-ketoglutarate to succurate to fumarate to malate
to oxaloacete to citrate, closing the cycle. The primary function of
this cycle is the dehydrogenation of acetic acid fo form two molecules
of CO7 and four pairs of hydrogen atoms.

It is of some interest to note that it is the trans-form of
aconitates that appears in the grasses (and other plants such as
Equisitum, or "horsetails") which is the subject of toxicity studies
comprising the majority of investigations reporfed upon in this
monograph. Transaconitic acid behaves as a competitive inhibitor of
the tricarboxylic cycle, and for this reason when the acid was observed
in recent years (1960's) to be present in appreciably quantity in
range grasses of pastures where periodic epizootics of a disease called
"grass tetany" of sheep and cattle were observed, the transaconitic
acid became suspect as the toxic agent producing the fetany.

"Grass tetany" has been used to describe a syndrome in ruminants
with a variety of speculations regarding the nature or causes of fhe
disease. Hypomagnesemia, hypocupremia, hyperpotassemia, hyperphosphatemia,
bilirubinemia, increased blood urea nitrogen, and dehydration are all
symptoms of grass tetany. Among the suggested causes of the disease,
possible chelation of blood magnesium and calcium by the transaconitic
acid in the grasses has been subjected to a number of investigations.
These studies have generally failed to support the role of aconitfic
acid as the toxic agent responsible for grass tetany.

Equisetum, the common "horsetail", has been considered highly
toxic to horses who may feed upon it, sometimes fatally. Rapp
(65) reported a number of cases of horses having been poisoned by
Equisitum, and notes the lack of success in identifying the toxic
agent. Aconitic acid, present in the leaves and tubers of the
"horsetai 1", was considered a possible agent, together with unspecified
alkaloids.

Camp et al. (12) tested the toxicity of potassium transaconitate
on pregnant ewes, dosed orally with the salt, with from 1 g/kg body
weight to 4.5 g/kg daily for a number of weeks. Blood analyses were
made of the citric, lactic and pyruvic acids; sodium, potassium and
calcium serum concentrations; maghesium and phosohorus; serum protein
and blood urea nitrogen. The dose level of 4.5 g/kg proved lethal. A



similar experiment intubated the animals with similar doses of
transaconitic acid. The aconitate reduced the average serum magnesium
and elevated the inorganic phosphorus levels; the acid decreased the
serum potassium values and increased the phosphorus. Both aconitate
and aconitic acid, in lethal doses to sheep showed electrocardiograms
similar to those characteristic of hyperpotassemia. The authors
concluded that transaconitate is neither the most essential or most
common etiologic factor in grass tetany.

Kennedy (39), also using sheep fed the animals citrates, cis- and
transaconitates and injected them intravenously. The oral doses were
0.1 or 0.2 M, the intravenous doses, 1.0 m M/kg body weight. The
tolerance of the sheep for transaconitate was so marked that the
author considered the substance an unlikely factor in causing hypo-
magnesemia in sheep.

An enzyme of the citric acid cycle, aconitase, is found in
mammalian tissues including the human prostate gland. Cooper and
Imfeld (17) studied pathological cases of benign, obstructive and
carcinomatous prostates in patients about to undergo prostatectomy.
Citric and aconitic acid determinations compared between benign and
carcinomatous prostates showed a significant decrease in citrate
synthesis in carcinoma - providing advance evidence of malignancy,
before histological or clinical techniques might reveal the situation.

Simola and Kosunen (72) fed rats sodium salts of nineteen
aliphatic carbonic acids in equivalent doses corresponding to 60 mg
Na/100 g body weight, in an experiment to demonstrate the formation
of citric acid. Analyses of urinary citric acid showed the greatest
conversion to cifric acid of pyruvic acid aldol and glutamic acids,
with gluconic acid least productive; aconitic acid was intermediate
in the ranking of the nineteen acids tested.

During the years following the announcement of Krebs and Johnson
of the citric acid cycle, considerable speculation and testing of the
hypothesis ensued. Martius (47) dismissed the idea as having significance
in carbohydrate metabolism and saw it as of greater significance in
amino acid synthesis, since the product, alpha-ketoglutaric acid,
could be enzymatically converted to glutamic acid, "a most important
amino acid".

The investigations of Lomba et al. (45) into the causes of
hypomagnesemia or grass tetany led to a conclusion, shared by other
students of the subject, that organic acids in general, and frans-
aconitic acid in particular, are unlikely candidates in producing
the disease. Rabbits were intravenously perfused with a number of
organic acids, singly or in combinations, at dose levels varying from
0.5 to 10%, of pyruvic, transaconitic, citric, oxalic and mixtures of
fumaric, succinic, malonic and malic acids. Blood plasma determinations
of calcium and magnesium showed no appreciable relationship between
affected blood levels of calcium and magnesium and the symptoms of
convulsions and death of grass tetany.

Guinea pigs and sheep were subjected to various treatments with
oral and intraperitoneal doses of sodium-trans-aconitate by
Wright and Wolff (78). Blood magnesium levels were determined and
it was demonstrated that the aconitate produced no toxic effect or



inhibition of the citric acid cycle. The authors concluded that
trans-aconitate does not play a major role in controlling serum
magnesium levels,

In vitro studies of the anticoagulant effect of various fricarboxylic
acids were performed by Gordon (30) who used venous blood from medical
patients with normal clotting times. The time interval between the
mixing of 2 ml blood sample with the sodium salt of a polycarboxylic
acid and the formation of a firm, adhering clot in the ftest tube was
measured. The tricarboxylates markedly increased the clotting time
of whole blood; the dicarboxylates were considerably less effective.

A direct correlation between concentration of the isocitrate and cis-
aconitate and the delay of clotting was observed. The author suggested
that the carboxylates influenced the clotting mechanism through chelation
of the calcium ion.



ACONITIC ACID

Chemical Information

Nomenclature
A. Common Name
Aconitic Acid
B. Chemical Names

Aconitic Acid
1,2,3-Propenetricarboxylic Acid
Equisetic Acid

Citridic Acid

Achilleic Acid

U —

C. Trade Names
None
D. Chemical Abstracts Services Unique Registry Number

000499-12-7

Empirical Formula

C6"c%

Structural Formula
CBHB(COZH)B

H COOH

\ /

0 (Trans-configuration)

C
7\

HOOC CHZCOOH

Molecular Weight

174. 11

Speci fications

(GRAS as a synthetic flavoring and adjuvant)



VI. Description
A. General Characteristics
Leaflets or plates, needles from water.
B. Physical Properties

Decomposes 198-199 degrees. Soluble 1 g/5.5 ml Hy0, 13 degrees;
1 g/2 ml 25 degrees. Soluble in 2 parts 88% alcohol, 12 degrees:
Slightly soluble ether.

C. Stability

No Information

VII. Analytical Methods
From Poe, W. E.; Barrentine, B. F. (61):

Separation of Aconitic Acid from Sorgo Juice. Approximately 100
mt of juice was centrifuged to separate the starch. The starch-free
Juice was shaken with Celite filter and and filtered with suction.
The clarified juice, which has a pH of 5.0 to 5.5, was lowered to pH
1.3 with sulfuric acid solution to furnish cations to convert aconitates
to aconitic acid. Ten milliliters of the juice was shaken 4 minutes
with 20 mi of 2-butanone in a centrifuge tube and centrifuged 1 minute
to separate the layers.

Color Development. An aliquot of the 2-butanone layer (0.1 or
0.2 ml is usually sufficient for sorgo juices) was evaporated to
dryness using a steam bath and a stream of air. Ten milliliters of
acetic anhydride and 0.01 ml of pyridine were added. The sample was
mixed and after 45 minutes color was read on a Coleman Model 14
spectrophotometer at 550 mu.

Standard Aconitic Acid Curve. Solutions of trans-aconitic acid
were prepared in acetic anhydride to produce final concentrations
ranging from 2 o 20 ug per ml in a volume of 10 ml. Pyridine
(0.01 ml) was added and the solution mixed and read after 45 minutes
on the spectrophotometer at 550 mu. Concentration versus
absorbance was plotted to give a straight line, accurate between 4
and 20 ug per ml.

VIIl. Occurrence

Found in leaves and tubers of Aconitum napellus, members of
Ranunculaceae, Achillea and Equisetum. Also found in beets and
sugar cane (a commercial source). Manufactured by action of H2804
or methane sulfonic acid on citric acid.



ACONITIC ACID

Biological Data

[. Acute Toxicity

Equisetum, the common "horsetail" plant has been long considered
poisonous, especialiy to horses. Rapp (65) has presented a brief
history of the plant's often fatal toxicity for horses. An early
description of the symptoms of Equisetum poisoning reads '"Loss of
coordination of muscular movement, beginning as a slight unsteadiness or
uncertainty of gait, most marked when excited" - "The horse finally
dies from exhaustion induced by trauma and frequent attempts to rise".
Various efforts to identify the toxic principle in Equisetum have been
unsuccessful, but one investigator has found aconitic acid in leaves
and fubes of Aconitum napellus, and various species of Achillea and
Equisetum. The author states that Equisetum poisoning is probably due
to aconitic acid and one or more alkaloids.

Camp et al. (12), interested in the toxicity of transaconitic acid
relative to grass tetany, determined the LDygpg of both potassium
transaconitate and transaconitic acid to be about 4 g/kg in 10 sheep
tested.

[I. Short Term Studies

Sheep

1T appears that the chief inferest in aconitic acid and its salts
has been primarily due to its appearance in grasses and other plants
used as fodder or grazing by sheep, cattle and horses. Transaconiftic
acid has been various!y suspected as the chief ftoxic agent in poisoning
of animals ingesting it, and as innocent of such claims. Camp, et al.
(12), as have other investigators described in this monograph, tested
animals on diets including transaconitic acid in an effort to determine
its toxicity.

Twelve pregnant ewes were divided intfo two groups of six each;
the control group averaged 39 kg body weight, the freated group, 38 kg.
Potassium trans-aconitate, in a 25% solution, was given orally at a
dose level of 1.0 g/kg body weight daily for one week; during the
following 7-day periods, the dose was increased by 0.5 gm/kg/day to a
total of 4.5 gm/kg. Blood samples were taken every 3 or 4 days and
analyzed for citric, lactic and pyruvic acids, as wel! as sodium,
potassium and calcium. Magnesium and phosphorus serum concentrations,
serum protein and blood urea nitrogen values were determined. The
results are shown on the following page:
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In a second experiment, eight sheep of an average weight of 47.75
kg each were divided into two equal groups comprising 2 males and 2
females each. A 25% solution of transaconitic acid was given by stomach
tube to the test animals at dose levels of 1.0 gm/kg/day for one week, 1.5
gm/kg/day for 3 weeks, and 2 gm/kg/day for 5 days. Blood samples taken
every 3 or 4 days were analyzed for sodium, potassium, calcium, phosphorus,
magnesium, citric acid, blood urea nitrogen and serum protein concentrations.
The results are shown in the ftables on the following page:

In the experiment with the potassium fransaconitate, the only
significant differences befween treated and confrol animals appeared in
the reduction of the average serum magnesium level and the elevation of
the inorganic phosphorus values. The transaconitic acid showed a
significant decrease in average serum potassium values and an increased
phosphorus level. A single lethal dose of 4 gm/kg of both the aconitate
and the aconitic acid increased the serum citric acid concenfration (from
6.6 to 13.5 mg/100 ml in 24 hours for the potassium transaconitate;
from 5.8 to 18.8 mg/100 ml in 8 hours for the transaconitic acid).

Electrocardiograms were made of 5 sheep given a single lethal
dose of either the transaconitate (2 of potfassium, 1 of sodium) or
the transaconitic acid (2 sheep). The ECG was characteristic of that
seen in hyperpotassemia.

Necropsies performed within an hour of the death of the animals,
and histologic sections of tissues examined, showed nonspecific changes
in liver and kidney in the form of lesions characteristic of toxic
insult, and which appeared similar fo those seen in sheep fed magnesium-
deficient diets.

I+ was concluded that while the transaconitate ion is toxic to
sheep, the experimental results did not support the suggestion that the
transaconitate ion is either the most common or essential etiologic
factor in all forms of grass tetany.

Additional experimental data which excludes fransaconitate as a
significant cause of the lethality of certain aconitate~concentrations
found in forage of ruminants were presented by Kennedy (39) in a study
of sheep. |1 was noted that there was not only a need for additional
information concerning transaconitate metabolism, but for data related
to the action of the aconitate on rumen microorganisms as well.

Four types of experiments using Merino or Merino X Border Leicester
wethers weighing 37-53 kg were performed: in vitro fermentation;
intra-ruminal administration of transaconitafe and citrate; dietary
administration of transaconitate and citrate; and intravenous administration
of citrate and cis- and fransaconitate.

Three sheep were fed either 0.2 M citrate or 0.2 M transaconitate
in the diet for 3 days after which rumen fluid samples were obtained from
rumen fistulae and incubated. The fermenting fluid was analyzed
spectrophotometrically for aconitate. The citrate, buf not the aconitate,
was substantially broken down during incubation of the rumen fluid.

Two sheep had rumen fluid removed and mixed with either 0.1 M
citrate or transaconitate and then returned to the rumen. The
experiment was repeated, with each animal given the alternate treatment.
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Samples were again faken and analyzed for volatile fatty acid, polyethylene
glyco!l and organic acids. Both citrate and aconitate disappeared rapidly
from the rumen; the citrate increased the volatile fatty acids; The
transaconitate did not, although it did slightly increase the blood level
of citrate acid aconitate.

The dietary studies involved 10 sheep. Two sheep each were given
solutions of transaconitic acid, 0.1 M/day and 0.2 M/day for 5 days;
four sheep were similarly freated with citric acid. The remaining fwo
sheep received only the untreated diet. Urine was collected and
analyzed for aconitate, as were blood samples. The sheep receiving the
transaconitate showed greatly increased urinary citrate levels, but blood
citrate and ketone values were essentially the same as those of the
confrols.

No abnormal behavior was observed in 5 sheep given infravenous
transaconitate (C14 in positions 1 and 5) at doses of 1.0 mM/kg body
weight. The blood level of the aconitate fell rapidly (only 9% of
the injected aconitate could be observed 20 minutes after injection),
and rapid renal clearance of the aconitate into the urine was seen.
tnjection of citrate, also with C14 in positions 1 and 5, at the same
levels for the aconitate was highly foxic and killed one animal within
7 minutes. The plasma magnesium and calcium levels remained nearly
constant after injection. The folerance by the sheep for transaconitate
was so marked that the author considered it "highly unlikely" that
transaconitate could by itself comprise a major factor in causing
hypomagnesaemia or lethal metabolic inhibition in sheep.

[11. Long Term Studies

None

IV. Special Studies

The role of aconitic acid in the citric acid, or Kreb's, cycle was
discussed by Cooper and Imfeld (17) as related o benign and malignant
prostatic disease in a group of patients undergoing various types of
prostatectomy. One of fthe enzymes of the citric acid cycle is aconitase,
found in mammalian tissues, and particularly for the purposes of this study,
in the prostate. Aconitase is concerned with the interconversion of cifrate,
isocitrate and cisaconitate. The authors studied 77 pathological cases
of benign, obstructive prostates and 5 carcinomatous glands; determinations
of citric acid and aconitic acid concentrations in the prostatic tissue
were made and expressed in milligrams/gm of prostatic tissue. In the
77 benign obstructive prostates, the citrate averaged 2.08 mg/kg and
the aconitate averaged 1.14 mg/gm; in the 5 carcinomatious prosfatfes,
the citrate average was 0.448 mg/gm and the aconitate, 0.163 mg/gm.
Additional observations by the authors suggested that citrate synthesis
in prostatic carcinoma is significantly altered and may antedate histological
or clinical evidence of malignancy.

11



ACONITIC ACID

Biochemical Aspects

. Breakdown

None

. Absorption - Distribution

None

[11. Metabolism and Excretion

The metabolic fate of a series of "aliphatic carbonic acids" and
the relationship of these substances to the formation of citric acid was
tested by Simola and Kosunen (72) using full-grown rats. Orally
administered sodium salts of various acids in equivalent doses were fed
to rats; the urine was collected for a 24 hour period and analyzed for
citric acid content. The doses corresponded to 60 mg sodium/100 g body
weight of the animals; each substance was usually given fto two rats.

The acids studied and the resultant urinary citric acid excreted, in
milligrams and milligram percent of total urine, are shown in the

following table: A B. ¢,
! . Ausgeschie- [ Citionensire
Verabpcichle tene Cltvo peball des
| Substong nensiore pra, Sanuanethar-
| 21 Stoin lll[.(:“’.‘?i in g oy
E_-,,_,_-_____‘_. T T
1 e Ohne jede Verabrelelung ... N 0,8 16
2. Natriumearbonad L., 2.0 44
;‘i‘ Brenztraghonsduie ... ... ..., 11,6 260
o DBrenztrovhensioreadddol o h7.,0 450
2, g-Retophitursiinre o000, 11,6 366
O Bernsteinviiure ... oL, RHR) 418
é. Fumarsiiave .o, . ..., K| 275
o NMaleinsiure (.o 0 L., 13,7 210
;3. Apfeliuare oo 17,3 287
}4 ,]) e Oxualessipedure (oL g6 216
Loe Normadhutleisiure oo, .., L. 15,8 158
126 ilsobutterdiure oo 98 109
l). glu)-()f\"\"lll((“l':~;|lll'(' .......... 14,0 162
14—, ICrotansiiure ..o 18,6 133
J[’é . E,\mmns;uw ................ 37.3 583
Oa (Glatarsiire o0 000000 518 1150
}EZ e |Adipinsiure (oL L., 5,0 200
do iCilraconsiure ... ... ... ..., 31,4 638
18. Aconitsianie ... 32,3 413
20 o {Glvkolsiinre ... oo 15,0 158
, 2L o IGluconsivre Lo 7,9 V|
ol inistered cubstence B,= citric acicd excreted in 24 h i
ritric celd content of the total urine in node,

c
vithout any adninictraiion
¢ uciwn cerboncte

“soavice acid  4.= vyruvice ceid aldol  S.=  =ketoglutaric ac
o eleic acid

coinice acid T7.= fureric acid 8.=nm
~lic 2cid 10.= oxslecetic acid l.= butyric acid

= deobutyric acid 13.= g-hycroxybutryric acid
= ¢rvosonic acid 1b.= melonic acid 10.= plutoric ocid
o= cCipic acid 18.= citraconic scidé 19,= zconitic acid

Ceeolic acid 2l.= gluconic acid
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The acids listed in the order from maximum citric acid formation,
or excretion, to minimum effect are: pyruvic acid adol, glutaric

acid, malonic acid, succinic acid, fumaric acid, aconitic acid, citraconic

acid, crotonic acid, malic acid, butyric acid, glycolic acid, alpha-
ketoglutaric acid, beta-hydroxybutyric acid, maleic acid, pyruvic acid,
isobutyric acid, oxalacetic acid, gluconic acid and adipic acid.

The order of sequence of the acids is somewhat different when
viewed as the mg % of fotal urine, but in both instances, pyruvic acid
aldol and glutaric acid produce the greatest citric acid urinary
content, and gluconic acid, the least. Additional studies were
contemplated to meet objections raised by this experiment.

IV. Effects on Enzymes and Other Biochemical Parameters

Martius (47) discussed in an early paper the relationship of
citric acid «—aconitic acid «—> isocitric acid as having significance
only in the synthesis of amino acids, and he dismissed the concept of
Krebs in which the citric acid cycle explained the catabolism
of all carbohydrates. Martins noted that the catabolic product of
isocitric acid, alpha-ketoglutaric acid, which may be enzymatically
converted to glutamic acid, was a "most important amino acid".

Since the years of the postulation of the tricarboxylic acid
cycle by Krebs and Johnson in 1937 and publication of Martius' paper
in 1939, the "Krebs cycle" has become a classic in modern biology
and has been greatly expanded in detail in its relationship to
respiration.

The drop in blood magnesium, or hypomagnesemia which characterizes
many ruminants feeding on the grasses of early Spring, has been the
subject of numerous investigations. The mechanism underlying the
changes in blood magnesium chemistry leading to the disturbances or
deaths from "grass tetany" in cattle and sheep has been variously
attributed to changes in the physiology of the rumen, increased
digestive elimination of endogenic magnesium, chelation of the blood
magnesium by substances capable of entering the blood from the rumen,
etc. The observation that spring grasses in areas of known cases
of grass tetany show elevated amounts of transaconitic acid has
produced what appears to be in this monograph a major interest in
aconitic acid as an agent in the diet of ruminants, responsible for
hypomagnesemia or grass tetany.

Lomba et al. (45) approached the problem by suggesting a number of
experiments, the first of which they reported here. Rabbits, not
identified, were intravenously perfused with various organic acids
or mixtures of acids and the blood calcium and magnesium levels
determined. The acid solutions were perfused at the rate of 0.5 ml/
minute. The concentrations of the acids, neutralized with sodium to
a pH of 7.3, were pyruvic acid 2.5 and 10%, transaconitic acid 1.5
and 10%, citric acid 2 and 5%, oxalic acid 0.5 and 2%, and two
mixtures, ones of fumaric, succinic, malonic and oxalic acids, and

a second of transaconitic, malic and citric acids, all in concentrations
similar to that found in grasses.




Blood samples taken before and after perfusion were centrifuged
and the plasma calcium and magnesium determined spectrophotometrically.
Oxalic acid caused the blood calcium to nearly disappear; cifric and
transaconitic acids increased the calcemia. Citric and oxalic acids
increased the magnesium, the latter only slightly; transaconitic and
pyruvic acids produced no effect or change in blood magnesium.

Except for oxalic acid there was no demonstrabie relationships
between the blood levels of calcium and magnesium and The convulsions
and death characteristic of hypomagnesemia.

Toxicities of the perfused acids were also studied, with results
varying with dose, speed of injection and interval before death.
A comparison of the toxicities puts oxalic acid in first place,
citric acid about a third as toxic, and pyruvic acid one-eleventh;
transaconitic acid proved by far the least toxic, scarcely one-thirtieth
as toxic as oxalic acid.

The authors concluded that the organic acids studied were unlikely
candidates in the determination of hypomagnesemial tetany.

The presence of high concentrations of transaconitic acid in
range grasses has been suggested as the cause of hypomagnesaemia in
cattle and sheep. In vitro experiments have shown that transaconitic
acid also inhibits the enzyme aconitase of the Kreb's cycle. Wright
and Wolff (78) tested the effects of oral doses of sodium fransaconite
on the serum magnesium levels of guinea pigs and sheep.

Two groups of seven male guinea pigs, 360-490 g weight, were fed
a diet containing 0.19% M g, and were dosed orally (one group) with
3.4 m M/kg body weight of Na-transaconitate (equal fo about 1.3%
of the acid in the diet). Blood samples were taken before and aftfer
dosing, and the serum magnesium levels determined. After a week, the
groups were interchanged and the treatment repeated. The treated
animals showed only slightly lower serum Mg levels. A similar treatment,
but with 6.8% transaconitate in the diet of three male guinea pigs
still showed little effect on serum Mg. Six sheep of 20-28
kg weight were given a diet containing 0.28% Mg; three of the animals
received 0.29 M (10% of the diet) sodium transaconitate, and three were
given 0.87 M NaHCOz for equivalent sodium ions and served as controls.
Blood samples showed no differences in serum Mg at any sampling period.

Intraperitoneal injections in guinea pigs of Cl4-labelled citric
acid or glucose, and trans-aconitate showed no toxic effects of the
aconitate and no inhibition of citric acid cycle oxidations. I¥
appeared from all experiments, that transaconitate acid does not play
a major role in controlling serum Mg levels.

The similarity of various tricarboxylic acids to cifric acid,
whose anticoagulant action had been known for some 75 years, led
Gordon (30) +o test a number of polycarboxylic acids for effect in
interfering with the clotting mechanism in human blood. The experiments
were performed in vitro, using 2 ml of venous blood from patients
having no known clotting defects; each sample was incubated in tubes
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with 0.5 ml of the test substance. Controls were blood samples incubated
with 0.5 ml of 0.85% saline. Clotting time was defined as the interval
between the mixing of blood sample and a sodium salt of a polycarboxylic
acid and the formation of a firm clot which clung to the bottom of the
tube when inverted. The resultfs are shown in the table below:

TABLE I. Effect of Polycarboxylic Acids on
Clotting Time of Human Blood. 2 ml of blood
mixed with 0.5 ml of 0.23 at acid (ncutralized to
pl 7). Control tubes contained 2 ml of blood plus
0.5 ml of 0.85¢, saline. Values are the means of a
number (in parentheses) of experiments. Range of
values is given beneath mean value in each ease.

Clotting time

Acid Control Sample
Tricarborylic Min,
Citric* (4) 5 >24 hr
Cis-aconitic (1) 5 >24
Trans-neonitic (4) 7 5-18
Isocitrie (4) 6 >24”
Isocitrie lactone (4) 5 30 wmin.
1349
Tricarballylic (4) 5 >24 hr
Dicarboxylic Min, Min.
e-ketoglutarie (4) 5 10.5
9-12
Succinie (4) 6 28
18-41
Fumarie (4) 6 8
. 7-9
Malie (7) 5 21
17-42
Glutaric (4) 6 10.5
4-15
Citraconie (3) 7 27
26-29
Glutamie (2) 5.5 10
8-12
Mulonic (5) 5 12
8-16

* Concentration 115 A,

Cis-aconitate, trans—aconitate, isocitrate and fricarballylate

markedly increased the clotting time of whole blood.

In the instances

of clotting delay by isocitrate and cis-aconitate, the degree of
effectiveness was directly related fo the concentration of the substance

in the blood.

One suggested explanation for the mechanism by which

the effective carboxylates operated to delay clotting was in the

This explanation was, however, incomplete, and the
nature of the interference with the coagulation mechanism was not
resolved in these experiments.

chelation of Cat+.

V. Drug Inferaction

None



VI. Consumer Exposure Information

Beyond the brief note in the Handbook of Food Additives listing
"Aconitic Acid (Equisetic Acid, Citridic Acid, Achilleic Acid): GRAS
as a synthetic flavoring and adjuvant under Section 121.101", and its
description in the Merck Index, citing it as used in manufacture of
"itaconic acid used as a plasticizer for buna rubber and plastics”,
no sources have been found relating to aconitic acid or its salts
as a food additive. It is a natural substance, characteristic of
plant and animal tissues; its suggested toxicity in the diet of
ruminants has not been supported by available literature.
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Bischemical Changes in Sheep Given
Transaconitic Acid

Bennic J. Camp, Ph.D.; James W. Dollahite, D.V.M.,, M.S.;
Williem L. Schiwcartz, D.V.M.

SUMMARY

Serum concentrations of Na, K, Ca, and Mg, lactic, pyruvic, and citric
acids, and proteins were measured in sheep given transaconitic acid or its
potassium salt. The most significant changes observed in sheep treated with
transaconitic acid were the increase in the organic phosphorus content and
the decrease in the magnesium content of serum samples. The syndrome of
grass tetany was not seen in the sheep given cither the salt or the free acid.

Grass tetany was characterized as hy-
pomagnesemia by Sjollema and Seckles?®
in 1929. Muth and Haag'! found hypo-
magnesemia and hypocalcemia in cattle
affected with grass tetany. Singer et al.l*
described a syndrome in ruminants as
complicated grass tetany which was char-
acterized by one or more of the following
abnormalities: hypomagnesemia, hypo-
cupremia, hypocalcemia, hyperpotasse-
mia, hyperphosphatemia, bilirubinemia,
increased blood urea nitrogen (Bun), and
dehydration. In the winter wheat graz-
ing area of the United States, a condition
called “wheat pasture poisoning” some-
times develops in cattle allowed to graze
on the growing wheat plant. The changes
in blood electrolytes of diseased cattle
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(Cump), and the Department of Veterinary ’athology
!_l)t;!l:|l|itc and Schwartz), Texas Agricultural Experiment
-:i:::on, Texas A&M University, College Slation, Texas
(T84,

This atudy was supported in part by a grant from the
Herman Yrasch Foundation, New York.

|‘r(f»ented before the section on Rescarch, 104th Annual
Mw(mg of the AVMA, Dallas, Texas, July 8-13, 1967.

October, 1968

are usually characterized by decreased
calcium, magnesium, and inorganic phos-
phate levels and by normal or increased
potassium levels.5

Several attempts were made to explain
the appearance of grass tetany in rumi-
nants. Initially, the disease was viewed
as a metabolic disorder resulting from
specific dietary factors, such as high
potassium or protein content of spring
grass,'® or from environmental stresses
that, through neural and endocrine mech-
anisms, led to physiologic dysfunction.
Head and Rook? suggested that there
was decreased absorption of magnesium
from the intestinal tract that was asso-
ciated with increased production of am-
monia in the rumen. Kemp and 'T Hart?
concluded that there is a direct relation-
ship betwecn the incidence of grass tetany
and the K:Ca+Mg ratio in the ration.
In 1961, Burt and Thomas? suggested
that dietary citrate was a contributory
factor of grass tetany in animals ingesting
lush grass becausc of the high citric acid
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TABLE 1——Pyrisic, Lactic, and Citric Acid Values in Blood of 6 Control Sheep and of 6 Sheep Given

Potascium Trar-aconitate

Dise of “"f e Pyruvie acid
transiconstn iven (mg./100 10l + 8.D,)
to principals —— e LTl
(CGm. kg, of bodv wil) Controls Principala
Belore treafinent 1.00 = 0.1 1.10 %= 0.07
1.0 1.10 = 0.1 1.10 *+ 0.08
1.5 0.91 = 0.1 0.96 = 0.06
2.0 0.88 + 0.1 1.23 + 0.316
2.5 0.65 % 0.1 0.90 = 0.04
3.0 0.71 £ 0,00 081 % 0.09
3.4 0.72 £ 0.04  0.86 + 0.02
4.0 0.73 £ 001 077 £ 0.0
4.5 N.D. 0.74 = 0.0

Lactie acid Cilric acid*
(mg./100 ml. £ S.D.) {mg./100 ml. %= S,
Controls 'rincipals Controls Principaly

154 %+ 5.2 14.6 = 12.6 497+13 319+*1y
21.5 £+ 12.5 172 = 8.6 446 16 234 0
153 = 6.5 213 % 7.2 440+ 18 332*19¢
96+ 28 18.2 & 10.7 4.23 £ 1.2 3.08=*0y9y
76+ 38 184 + 2.8 3.94 1.0 28513
60+ 24 16.9 = 7.7 353 +1.5 192402
6.3+ 1.8 8.8+ 1.07 3924207 16702
78+ 1.62 92+ 1.7 408 =09 16303
N.D. 13.3 = 0.0 N.D. 1.753 £ 00

* Assay far eitric acid was made on serum.
N.D. = Not determincd.

content of some plants. They proposed
that citric acid could interfere with the
absorption of magnesium and thus pro-
duce magnesium deficiency.

In 1965, Burau and Stout? found trans-
aconitic acid (0.1 to 12.29%) in samples
of range grass collected from pastures
where epizootics of grass tetany had pe-
riodically occurred. Transaconitic acid
is a competitive inhibitor of the tricar-
boxylic acid cycle. It inhibits the enzyme
aconitase which catalyzes the conversion
of citric acid to isocitric acid. Since ac-
onitic acid and citric acid form chelates
with calcium and magnesium, Stout et
al.'” reasoned that these complexes could
be expected to affect the normal trans-
ference pathways of calcium and magne-
sium within the animal.

The present study was undertaken to
determine the effects of transaconitic acid
on certain biochemical constituents of
the blood of sheep.

Materials and Methods

Potassium Transaconitate—Twelve preg-
nant ewes were allotted to 2 groups of 6
cach. Ewes in the principal group ranged
in weight from 30 {o 44 kg., with an average
weight of 38 kg. each. The control ewes
ranged in weight from 29 to 48 kg., with an
average weight of 39 kg. each.

Each day, the principal sheep were given
an oral dose of potassium transaconitale so-
lution. The 25¢,, solution was prepared by
dissolving a commercial grade of trunsaco-
nitic acid in distilled water and then adjust-
ing the solution to pH 7 with potassium
hydroxide. The transaconitate solution was
given to the principals at the initial dose
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level of 1.0 Gm./kg. of body weight per day
for 7 days, and then the dose was increased
in increments of 0.5 Gm./kg. for each suc-
ceeding 7-day period. Samples of blood
were collected every 3 or 4 days from each
ewe, and analyses were made of individual
samples.

Transaconitic Acid—Eight sheep were
allotted to 2 groups, each group consisting
of 2 males and 2 females. The principal
and the control sheep ranged in weight from
39.0 to 52.0 kg., with an average weight of
47.75 kg. each.

A 259, solution of free acid was admin-
istered by stomach tube; the initial dose was
1.0 Gm./kg. per day for 7 days. The dose
was increased to 1.5 Gm./kg. per day and
given at this level for 21 days. Then the
dose was increased to 2.0 Gm./kg. per day
and given for 5 days. Samples of blood were
collected every 3 or 4 days from each sheep.
and analyses were made of individual
samples.

Ration.—In both feeding experiments, the
sheep were maintained on a ration of Sudan
hay, salt, and water which were made avail-
able ad libitum.

Chemical Analyses—Analyses of serum
samples for sodium, potassium, and calcium
were done with the spectrophotometer * with
flame attachment, using the acetylene-oxy-
gen burner. The spectral emission of each
electrolyte was measured at the followiny
wave length: sodium, 589.0 my; potassiun.
770.0 my; and calcium, 622.7 mp.® For de-
terminations of sodium and potassium, the
serum was diluted (1:50) with distitled
water and analytical results were read di-
rectly on the flame photometer; for ealcium.
the serum was diluted (1:25) with a 4.5 ~

* Model DU Spectrophotometer, Beckman Instrumen?

Company, Iullerton, Calif.
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TABLE 2-— Electrolyte Values in Serum of 6 Control Sheep and of 6 Sheep Given Potassium Trans-

aconitate

Dase of potiseiam
transaconitate
given to principals
(Gor k. of body wt.)

Sodium
(mbig. /. 2 S0

Controls

Princiy

196.7 = & 16800 = 24.8

1.9 5.2

1.5 JGU.S % A3 1628+ 59
2.0 168.7 £ 0.8 14914 - B44
2.5 I1A7.8 = 32,8 1700 ;2 2.0
3.0 6.0 = h5 16741 % 86
3.5 1632 = 48 1740 0.0
4.0 1613+ 7.0 157.0% 29
4.5 N.ID

162.0 = 0.0

10 * M solution of LaCl, and then the ana-
Iytical resulls were read directly on the
flame photometer. Lanthanyin was added
to remove the interference of the phosphate
ion.*

Standard procedures were used to assay
samples of blood for lactic acid,* pyruvic
acid,** citric acid,” inorganic phosphorus,®
magnesium,” BUN,* total serum protein
(rsp),t and individual serum proteins.!

Llectrocardiogram.—Five male sheep were
trained to stand quietly in a restraining stan-
chion. Stainless steel electrodes were placed
subcutaneously in the sheep. A direct-writ-
ing recorder § recorded standard and aug-
mented limb leads and the bipolar sternal
(M-x) lead. A lethal dose (4 Gm./kg.) of
either transaconitate (pH 7) or transaco-
nitic acid was administered by stomach tube
to each sheep. Two sheep were given the
potassium form, and 1 was given the sodium
salt of transaconitic acid.

Necropsy..—Necropsies were done on all
but 3 sheep. Postmortem examinations were
made within 1 hour of death of sheep. Tis-
sues were fixed in 109} formalin buffered to
maintain a pH of 7. The histologic sections
were stained with hematoxylin and eosin
stain. Tissues shown to have pigment were
stained in accordance with Perls’ Prussian
blue technique for ferric ion.

Results

Potassium Transaconitate.—Significant
differences in citric, lactic, or pyruvic acid

* Technical Bulletin No.  825-UV, Sigma
Company, Si. Louis, Mo., 1965,
** Technical Bulletin No. 725, Sigma Chemical Company,
St. Louis, Mo., 1965.

t Goldberg Refractometer,
Buffale, N.V.

3 Manual RM-IM-3, Beckman Instrument Company,
Fullerton, Calif., 1965,

§l'hysiogmph, E&M Instrument Co., Houston, Texas.

Chemical

American Optical Company,

October, 1968

Potassium Calcium

(il /L. &= 8.D) (mEq./L. &£ S.D)
Controls Principals Controls Principisls
56 =03 5.6 % 0.3 52 + 0.3 4.5 = 04
h4 0.7 58 £ 0.5 53+ 04 b4 = 04
54 £ 0.5 6.6 =04 5.9+ 0.3 5.0 +04
5.6 + 0.2 5.6 0.1 5.4 = 0.2 6.3 x£02
52+ 04 5.3 =+ 0.1 5.9+ 04 58 & 0.5
6.1 + 0.5 54 0.2 53 + 04 42 + 0.1
6.4 + 03 6.6 + 0.2 58 + 0.5 44 + 0.5
N.D. 6.0 % 0.0 N.D. 5.0 %= 0.0

were not observed between principal and
control sheep, but a trend toward dimi-
nution of the citric acid level was seen
in sheep treated with potassium transac-
onitate. Results of the assays conducted
on these constituents are summarized
(Table 1).

In the instance of a sheep given a lethal
dose (4 Gm./kg.) of potassium transaco-
nitate, the citric acid concentration pro-
gressively increased from 6.6 to 13.5 mg./
100 ml in 24 hours.

There were no significant differences
in the average serum sodium, potassium,
or calcium values between principal and
control sheep (Table 2). The reduction
in the average s© 1m magnesium content
for principal sheep was significant at the
0.001 probability level. In addition, the
increase in the inorganic phosphorus
values of the treated sheep was significant
at the 0.05 level (Fig. 1). Neither the
TSP nor the individual serum protein
values were significantly altered in the
principal sheep (Table 3).

Transaconitic Acid—There was a sig-
nificant decrease (0.01 level) in the av-
erage serum potassium value for sheep
given transaconitic acid. There were no
significant differences between principal
and control sheep with regard to mag-
nesium and inorganic phosphorus content
of the serum (Table 4). There was a
trend toward a decreasc in the average
serum citric acid content of sheep given
transaconitic acid (Table 5). Moreover,
the inorganic phosphorus level increased
from 8.3 to 22.5 mg./100 ml. during the
period. Neither the tsp nor the individual
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mg./ 100 mi.

12
MAGNESHIM
CONTROL e
MAGNESIUM
ok TREATED ©
PHOSPHORUS
CONTROL X
PHOSPHCORUS
gk TREATED A
6-.
4._
2..
] ! 1
0 1.5 2.5 3.5 45

Gm. /kg. body weight

Fig. 1—Serum concentrations (mg./100 ml.) of
magnesium and phosphorus in control sheep and
sheep given potassium transaconitate (Gm./kg. of
body wt.).

serum protein values were significantly
changed in principal sheep.

With the sheep given the single lethal
dose (4 Gm./kg.) of transaconitic acid,
the serum citric acid concentration in-
creased progressively from 5.8 to 18.8
mg./100 ml. in 8 hours.

Electrocardiogram.—The changes in
the electrocardiogram (rcc) of the 2
sheep given lethal doses of potassium
transaconitate included disappearance of
the P wave and then increase in the
amplitude of the T wave and depression
of the S-T segment. The only change in
the £cc of the sheep given sodium trans-
aconitate was fluctuation in heart rate.
One of the 2 sheep given a lethal dose
of the frce acid had an abnormal rca
which was recorded approximately 6
hours after the administration of the free
acid when suddenly the heart became ir-
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TABLE 3—Serum Protein and Blood Urea Nitrogen Values of 6 Control Sheep and of 6 Sheep Treated with Potassium Transaconitate

Blood urea nitrogen
(mg./100 ml. * S.D.)

Total protein

Albumin

Serum protein value (Gm./100 ml. + S.D.)
Controls

Globulin

Controls

2.7

transaconitate
given to principals
(Gm./kg. of body wt.)

Dose of potassium

>
3

Principals
10.9 + 3.9
10.5 = 5.4

Controls

Principals
5.65 & 0.6
5.82 = 0.7

Controls
55 =*= 0.3
5.76 = 0.4
5.63 + 0.2
4.63 = 0.1
4,79 * 0.2
5.13 = 0.4

Principals
2.60 = 0.3
2.83 = 0.3
2.85 + 0.4

Principals

3.0

J.

1.5
2.4

89 =24

7+ 3.4
=+

6.2 &
7.6 = 1.0

94286

8.9

17.7 = 4.5
17.3 = 3.3
19.1 + 4.2
20.1 = 5.8
19.4 = 6.5
199 = 4.0
23.3 = 0.8

i)

0.4

45 + 0.6
4.95 = 0.7

546

6.05 == 0.0
+

5.

2.40 = 0.2
2.63 = 0.2
3.18 = 0.1
3.10 = 0.4
3.30 = 0.0

2.79 * 0.3
3.28 = 0.7
3.00 = 0.2
2.40 = 0.4
2.60 = 0.2
2.37 = 0.2
2.07 & 0.2

N.D.

* 0.5
3.1 x£05
273 £ 04

*+0

* 0.3
2.88 = 0.2
273+ 0.0

5
2.8
3.2

+ 0.3

78 £ 0.4

2.90 = 0.3
N.D.

2.65 = 0.4
2.64 +0.3

2.25 + 0.2

9

3.0
3.5
4.0

Vet. Res., Vol.

* 0.0

tie]

N.D.

+ 0.0

= Not determined.

N.D.

29, No. 10




"
ST
a5
RS
Z..;
Pl
B,
< x|
s 2
wl®
E|S
hS
<] al%
FRRRAN:
o Lo | B
V] %E
2 S o
C L2
L T =
T ~173
= w| &
I g%
c <R
| O
2
5
[o%
8;
|-
5! o=
oALs
< unlE
| B
5B S
o 25
£ 5§
L] U.’Z
Q c
() b
© E‘E
L Q
) ]
©
0
t
s |3
O] N
<~ alg
lmﬂ
- g .:
o BHI~
o,
£ | 4d
2| Solz
& ElE
E| g
£ I8
wm
(Y]
2
g
- >
£ 2
ARGIE
o U g,
'T B4
;a.
< | &3z
w c'E
E
| % 1S
o EIS
<
-
-
. GE
EEE&
£ES5E8
R
¥E<w
-
gEs5<
October,

5
:Zé.'
HH

"“L"“t"(,.
cosd

H 41 H
anza
[a il int
!"l"O‘f’
oo

HHHH
g&3

HHN"Q

+J()
=09

;I; C‘l C‘!

< s

8.8

n
O DA

R
H4 4 H
oy et
&5
W W WD

9L
cCoT0O
HH H
Qe ey
- ©©W

o
OO O
HHH 4
0o~
lDL’JlDL‘

O
SSEmMS

HHHH

©
;T
ERERrE
B o
cssc
H 4 4

Ll o]
@0 61513

@y s
[ERS
H 4 4 4
@eoo

gge
o e

m:ohv
VC‘GO

-

HHHH

QDO@O

g5
o0y l\

™o

1.0
1.5

2.0
¢ Data significant at 5% level.

Before treatment

1968

TABLE 5—Citric Acid, Blood Urea Nitrogen, and Serum Protein Concentrations of 4 Control Sheep and of 4 Sheep Fed Transaconitic Acid

+ S.D.)

Serum protein value (Gm./100 ml.

Dose of trans-

Blood urea nitrogen

Citric acid

aconitic acid
given to principals
(Gm./kg. of body wt.)

Globulin

Total protein Albumin

(mg./100 ml. * S.D.)

+* S.D.)

Principals

(mg./100 mi.
Controls

Controls Principals Controls Principals Controls Principals

Principals
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regular with the disappearance of the P
wave. Complete heart block occurred less
than 1 minute after the initial arrhyth-
mia. The sheep died 25 to 30 minutes
after the first sign of arrhythmia.

Pathologic Changes.—Three sheep given
the potassium salt of transaconitic acid
once a day were necropsied. The main
pathologic changes included toxic tubular
nephritis; mild to severe fatty metamor-
phosis of the hepatic parenchyma; iron-
negative, " brown, granular pigment in
hepatic cytoplasm; moderate alveolar em-
physema; pale and flaccid heart; serous
fluid in the pericardial sac; and focal
hemorrhages in the thalamus.

Abnormalities in tissues of 4 sheep
given free acid once a day included toxic
tubular nephritis; pale yellow liver; fatty
metamorphosis of the hepatic paren-
chyma; iron-negative, brown, granular
pigme::t in the hepatic cytoplasm; pykno-
sis and karyorrhexis with eosinophilic
condensation in the row of hepatic cells
adjacent to the central veins; pulmonary
congestion and alveolar ederma; alveolar
emphysema; flaccid and pale heart; ec-
chymosis in the epicardium over the ven-
tricles; petechiae and ecchymoses in the
thymus; and petechiae in walls of the
duodenum and anterior part of the jeju-
num.

On necropsy, 1 sheep given the lethal
dose of potassium salt of transaconitic
acid had only a pale and flaccid heart.
The sheep given the lethal dose of the
sodium salt of transaconitic acid had pale
yellow liver; fatty metamorphosis of the
hepatic parenchyma; pyknosis and kary-
orrhexis in the cells adjacent to the cen-
tral veins; hepatic cytoplasm with brown,
granular pigment which was iron-nega-
tive; pulmonary congestion and alveolar
edema; ecchymosis of the epicardium over
the ventricles; petechiae and ecchymoses
in the thymus; and separation of the
outer molecular layer of the cerebral
cortex.

The sheep given the lethal dose of free
acid had toxic tubular nephritis, hemo-
siderin in the tubular cytoplasm, pulmo-
nary congestion, and alveolar edema.
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Discussion

Transaconitic acid is a competitive in-
hibitor of aconitase which catalyses the
conversion of citric acid to cisaconitic and
isocitric acid in the Krebs’ cycle. Accu-
mulation of citric acid in the body with
formation of magnesium and calcium
chelates could produce a condition such
as grass tetany.

Potassium Transaconitate.~—There was
progressive decrease in the average con-
centration of magnesium in sheep given
potassium transaconitate, but tetany was
not observed. One sheep had serum mag-
nesium concentration which decreased to
0.2 mg./100 ml., but the sheep did not
have tetanic convulsions. The ahsence of
signs of tetany in this sheep may be at-
tributed to the normal calcium concen-
tration which was maintained. An in-
crease in the concentration of inorganic
phosphorus of the serum is sometimes in-
dicative of renal insufficiency; however,
there was not a concomitant increase in
the BUN content of the serum associated
with the hyperphosphatemia. Singer et
al.** observed hyperphosphatemia in their
investigation of grass tetany in ruminants.

One of the most marked findings in
the present experiment was the ability of
the treated animals to maintain normal
serum levels of citric, lactic, and pyruvic
acids, whereas the sheep given the lethal
dose of potassium transaconitate had a
twofold increase in the serum citric acid
content within a 24-hour period. This
discrepancy between the studies of acute
and chronic feeding could be resolved by
suggesting that the glucose is shunted
via the pentosephosphate scheme as the

sheep on the chronic regimen compen- -

sates for the inhibition of the Krebs’
cycle.

Transaconitic Acid—Hyperpotassemia
is usually associated with acidosis,
whereas in the present study, hypopotas-
semia developed in the sheep treated with
free acid. The amount of transaconitic
acid entering the tubules of the kidneys
may have excluded the excretion of am-
monia, and the excess acid carried po-
tassium with it into the urine.
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The average citric acid content of the
serum did not increase as would be an-
ticipated if the Krebs’ cycle were inhib.-
ited. Howcver, when the sheep was given
the acute lethal dose of the free acid,
the citric acid content of the serum in-
creased from 5.8 to 18.8 mg./100 ml. in
an 8-hour period. Moreover, there was
not a concomitant change in the calcium
or magnesium concentration of the serum
of this sheep.

Electrocardiogram.—The changesin the
ECG of sheep given an acute, lethal dose
of either the free acid or the potassium
salt were typical of the changes seen with
hyperpotassemia.

Pathologic Changes.—The hepatic and
renal lesions are interpreted as being re-
lated to the toxic insult in the sheep. The
changes were nonspecific, but similar le-
sions have been reported in sheep fed
magnesium-deficient rations.®

Conclusion

The transaconitate ion is toxic to
sheep; however, the mode of action of this
substance cannot be attributed to any
specific biochemical constituent which
was assayed in this investigation. From
results of the present study, it is not pos-
sible to conclude that transaconitate ion
is the most common or essential etiologic
factor for all forms of the entire grass
tetany complex.
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Fira. 1. Simplified schiema of eitrie acid cycle

carricd out on biological tiszuex and fluid in the
determination of the various intermediates of
the citnie acid cyvele. More significant than the
fact that the intermediates of the citrie acid
evcle are readily Jemonstruble in mammalian
tissue, i3 the finding that most of the enzyvines
responzgible for the sequence of the eitric acid
cvcle are also present.

Weinhouse, Millingtonand Wenner (19500 and
Wenner, Spirtes and Weinhouse (1950)" reportud
the presence of the citric acid evele in malignant
tumors and noted the occurrence of three enzymes
of the citric acid cyele, condensing enzyme,

" aconitase, and isocitric dehyvdrogenase in the
tumors studied. Condensing enzyme is of prime
importance 1 the formation of citric ucid and the
eventusl oxidation of citric acid to the next
intermediate stage in the citric acid eycle, a-keto-
glutaric acid, is potentiated by aconitase and
1soeitrie dehydrogenase.

Barron and Huggins (1946),% in an excellent
and preliminary paper on the metabolism of the
prostate, concluded that it is probable that the
citric acid cycle does not exist in prostatic
adrnoma since they noted that citric acid and

. a-ketoglutaric acid are not utilized hy prostatic
tissue slices in vitro. Whether this conclusion is
valid is problanatical. There is  significant
biochemical evidence that the citric acid evele is
operative in the prostate in view of the high
citrate and aconituse values, as well ag the
considerable glutamic acid concentration and
trgraminase activity. In addition there s a
rajor technical eriticism that cun be made of
Barron and Huggins's (1916) <tudy, In wdding

1“Weinhouse, 8 | Millington, R, 11 and Wen.
ner, CoF 2 3. Am. Chem. Sae,, T2 43832 1950,

U Wenner C R Spirtes) ML A and Weinhonse,

N AmL Chemn. Soc [ 720 4053850 19540,

citric ackd and a-ketoglutarie acid to prostati.
tissue =liees their experimental result is eompl
cated by the intrinsically Ligh prostatic tissye
coneentrations of such substanees. Thus ther
simple observation that no citrate utilizatioy
ocewrs under <uch conditions does not imyply 5
lack of citrie acid evele Kinetivs in the prostate
In addition a further =ignificant fact lies in the
observation of Humphrey and Mann (1949
that <eminal plusima contains an inhibitor whiel
prevents the oxidation of citiate by animal tis
sues, In liver slices, eitrate utilization ean effee
tively be inhibited by this agent, Tt may well B
that the lack of utilization of citrate in Barro:
and Huggins's (19460 <tudy i= due to the zemin
inhibitor described by Humphrey and Man
(1949).

SERUM CITRATE VALULES

In addition to participation in the Krebs eyele
eitric acid has several other functions, chiefly
involving the humioral, genitourinary, and o=
seous systems. Primarily the normal range fo
serum citrate is 1.5-2.7 myg. /100 ee. Canary and
Kyle (1957)" in a study of the serum citrat
values in 50 normal patients found a mean vale
of 2.0 mg. & 0.5 mg. per 100 cc. Hvpercitricemis
has been reported in association with the hyper
calcemia of hyperparathyvroidism, vitamin D
toxicity, osteolytic metastases, and ])rolouf-"":
immobilization. Hypoeitricemia has heen nate’
in hypoparathyroidism and vitamin 1) deficienc
Intruvenous infusion of caleium and/or saliv
can inerease serun eitrie acid from 0.6-3.7 0¥

2 Humphrey, G. 1. and Mann, T.: Biochem
(Londony. 44: 97, 119,

8 Canary, 1) and Kyle, L. H.o J. Lah, & Clis
Med., 49: 500, 1957.
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per cent. Carlsson and Hollunger (1953)' noted
2 marked inerease inserum citrie acid following
an infusion of vitamin D, In two significant pa-
pers Harrison (1953)' and Kissin and Kreeger
(1951 demonstrated hy pereitricemia in Paget's
disease. In a series of 15 patients with Paget’s
disease, Kissin and Kreeger foumnd 9 or 60 per eent
had abnormal =crin eitrie acid levels The Lighest
value for the Paget’s group was L0 my. per eent.
The mean value for Paget’s was 2.79 mg. per eent.
Control value in 41 patient= wax 2.0 mg. per eent.
The studics eited suggest that the fluctuations in
serum citric avid o oa variety of skeletal dis-
orders are related to the basic disease process
rather than to change in serium enleiun.

In a control series of 108 outpatients we found
an average serum vitrate of 1LO24 mg. per cent.
The figure compares favorably with the average
serum citrate value of 2.0 mg. per cent as re-
ported by Canary and Kyle (1957).% The serum
citrate values were also serially studied in o
group of patientz undergoing various types of
prostatectomy, for benign and nedignant pros-
tatic discase. .\ total of 22 cases were observed,
18 for henign prostatic hypertrophy and four
with carcinoma of the prostate. Two of the
malignancies had advanced metastatic disease in
bone. Serial determinations of ecitric acid and
aconitic actd were performed immediately after
operation, in mid-operation, at the close of the
procedure, and 1 hour postoperatively. No
elevations of scrum citrate or aconitate were
observed during the operative procedure. In the
men with metastatic prostatic malignancy no
elevations of serum citrate or aconitate woere
found on repeated examinations during the course
of the advanced iliness.

SEMINAL CITRATE VALUES

Schersten (1929)? (1936)" noted that seminal
fluid rapidly decolorized methylene blue on the
addition of “citrico-dehydrogenase”  prepared
from cucumber sceds. The factor responsible for
the decolorization was identificd on erystalliza-
tion as citric acid. In addition Schersten found

Y Carlsson, A. and Hollunger, G.: Acta. Phys.
Scand , 31: 317, 1953. .

"* Harrison, 1. E.: Trans. Conf. Metab. In-
terelations, 6: 307, 1053. )

' Kissin, B. and Kreeger, N.: Am. J. }ed. Se.,
8: 301, 1954, .

" Schersten, B.: Skand. Arch. Plysiol., T4:
*uppl. 7, 1936.

citric acid present in the seminal plasing of man
and proved it to he of prostatic origin.

Harvey (1951 reported 725 <cmen determina-
tions for citrie acid and fonnd & range of O 2310
mg 100 eey with o mean vahue of 479 ma. /100 e,
Huggins and Neal (1942)% noted @ range of 450
2655 migz /100 eein @ sanples of pure prostatic
seerction, In 2 samples of seminal vesicular seere-
tion 15 and 22 mg./100 ce of citrie acid were
found.

In any consideration of prostatie citrie acid
production emphasis must he placed on the
Lormonal relationships that exist in the mamma-
lan species. Humphrey and Mann (1948)120 ® ynd
AMann and Parsons (195092 have established the
direct relationship between seminal citrie acid
production and androgens. Castration results in
a gracdual loss in seminal citrate as well as frue-
tose. Administration of parenteral androgen re-
stores the seminal citrate values to normal, but
the restoration is gradual in contrast to the
rapid rise in fructose. After several weeks' post-
-astration, the semen and accessory reproductive
organs arc completely depleted of citrate and
fructose. Hypophyscetomy has the same hor-
monal effect as castration. Humphrey and Mann
(1949)* have suggested the use of seminal citrate
production as a sensitive indicator of androgenic
elaboration, since after the administration of
testosterone to castrates seminal citrate and
fructose can be detected long before significant
secretory activity can be observed histologically
in the accessory organs.

The prostate is rich in citric acid and aconi-
tase,”® the enzyme necessary for the chemical
interconversion of citrate, cis-aconitate, and
isocitrate. It was originally thought that the
enzymatic mechanism for the synthesis of citric
acid involved the primary formation of aconitic
acid, with citric acid being formed secondarily.
Stern and Ochoa (14M)® found, however, that
uqut‘ous"cxtmcts of pigeon liver formed citrate
initinlly when acetate, oxaloncctate, coenzyme

8 Harvey, C.: Proc. Soc. Study of Fertility, 3:
56, 1451,

¥ Huggins, C. and Neal, W.: J. Exp. Med |76
527, 1942,

2 Humphrey, G. F. and Mann, T.: Nature,
London, 161: 352, 194s. -

2 Mann, T. and Parsons, U.: Biochem J. (Lon-
don), 46: 440, 1050.

* Barron, I2. 8. G, and Huggins, .

Exp. Biol. & M., 62: 105, 1945,

2 Stern, J. R. and Ochon S - F 1 o
470. in1

Proe. Soc.




L) COUrkR
AL cundensing cuzyvine, and Mg or Miions were
present. Thus the coneept of the “condensition
reaction” orizuated  a miechanism of  prime
inputtance to citrte svnthesisc in auimal tissues.
Acunitase is & sighificant enzvie necessary for
the operation of the citrie aeild evele, but con-
cerned only with the interconversion of the three
gubstanees of the aconitase system, vitrate, bo-
citrate, and cisaconitate. Tt is neeessary for the
dehydration of citmte and isocitrate, with cis-
aconitate as an intermediate. The interconver-
sion is represented by the schema:
Ac Ae

citrate =7 cisaaconitate [ Isovitrate.

It i= now evident that as a result of the condensa-
tion reaction citrate i= formed primarily and in
the presence of aconitase interconverted into
cis-aconitate and isocitrate. Aconitase is there-
fore not necessary for citrate synthesis as con-
eeived by Barron and Huggins (10462
Huggins and Neal (1942) have suggested that
prostatic citrate is concerned with the coaguli-
tion and liquefaction of semen. They noted pro-
longed clotting times of mixtures of blood and
seminal fluid. Since citrate has a binding effect
on calcium ions. the coagulation defect could
well be explained on this basis. Schersten (1936)Y
also postulated the binding action of citrate for
caleium in prostatic fluid, but believed that such
an affinity prevented the precipitation of calcium
galts. Lundguist (1947)** has suggested that
citric acid may be an activator of prostatic acid

- phosphatase.
" PROSTATIC TISSUE ASSAY IN ADENOMA AND
T CARCINOMA

" {n our lahoratory we have utilized the method

of Saffran and Denstedt (1948)%° to determine
the citric and aconitic acid content of prostatic
tissue. The procedure is an application of the
Furth-Herrmann reaction,?s providing a simpler
‘and more rapid method than the laborious
pentabromoacetone procedures for citric acid. A
total of 77 pathologically proven, benign, obstruc-
‘tive prostates and five carcinomatous glands
have heen studied by this method. The tissue

# Lundquist, F.: Acta Physiol Seand., 14: 263,
1947.

& Saffran. M. and Denstedt, 0. F.: J. Biol.
Chem.. 1756: 819, 1914,

s Furth, O, und Herrmann, H.: Biochem. Z.,
280: 11K, 1935, .
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samples  were removed  at  operation  ang 4
weighed portion immedintely  homogenized ;.
5 per eent trichloroacetic acilsolution ina Poty,.
Flvelijem apparatus. The eitric aeid and aeais.
aeid were  determined el
metrically in milhgrams per gram of proseg
tissue according to Saftran and Denstedt, 3
sututuary of the result= can be reviewed in table |

coneentrations

In the benign group of 77 prostates the e
acid values mnged from 0.092-0.02 mg. 4.,
aram of tissue, with an average value of 2.
mg.gm. The aconitic acid values i the groy,,
ranged  from ‘0.0 $.60 me. per gram of Ii.\;u.‘.'
with an average value of 114 mg o

The five histologically proven cuarcinomas o
the prostate gave significantly lower vadues the
the benign glands, vielding a range af 000082
for citric acid and 0.00 0.352 for aronitie acii
The average citrie acid concentration in pro.-
tatic eaneer was 0N mg. eme and for aconit:
acid 0.163 mg. gt From these figures it i< appur-
ent that the synthesis of citrate and its conver-
<ion to cis-aconitute may be altered in the malig-
nant prostate.

In view of the fuct that ranges and averag.
values may be statistically misleading the totw
pumber of prostates studied were redueed to their
individual pathological dingnosis and the averag:
citrate and aconitate values recorded. In table 2
can be seen the various benign conditions studie:
with the average values recorded. In 77 sped-
mens, 65 cases histologically demonstrated the
typical fibromuscular amd glandular hyperplasia
of benign prostatic hypertrophy. The average
citrate and aconitate values in this group were
higher than the overall average figure. being

TabLe 1. Over-all citrate and aconitate values i
berign and malignant prostates

i mg.'gm.
A. Benign obstructive prostates: t
1. Total cases—77 i

2. Citrate range .f().()‘.)‘l——4 .02

Average ... ... : 2.08
3. Aconitate range.............. ‘ 0.00-1.60
AVETAZE . oo e ' 1M
B. Carcinomatous prostates: L
1. Totul cases —5
2. Citrale Fnge . ... 0.00-0.882
AVETRES .« e 0.44%
3. Aconitate range. ... ... ... 0.00-0.3%2
AVEIUES oo ‘ 0.163




Tanen 2. Analysis of ben Ty obstructive prostates

Pathologzy

CFibvommsenlar sd grandulie hyperplisin
BN contracture or median bar

A AMiseellancons

Lo Iafaretion

B. Fstrogen

. Incidental

recorded as 2310 und 130 g o, respeetively.
\ bladder neck contrneture and or median bar
was found in eight specimens pathologically,
giving average cittate and aconitate values of
0442 and 0222 e ws Tt i< obvious that the
absence of seerctory elnds and the presence of
practicelly  pure fibromuscular  tiesue in. these
surgical =pecitiens are responsihle for the rela-
tively Tow values. In the miscetbineans wronp, twao
specimens showing nltiple foel of infarction also
gave relatively low concentrations of citrte and
aeonitate ax noteid. One case of o deliberately
estrogenized individual gave values of 0.8453 my.
citrie acidZgne. and 0570 me. aeonitic acid, g,
of tissue. An incidental prostate assaved after
prostatocystectomy for  vesicul  cancer gave
values intermediate hetween  the estrogenized
and infarcted prostatic speeimens,

In the aceumulation of data an attempt was
made to corrvlute eitrate and nconitate values
from various lobes of the individual prostate
glands removed at operation. Perusal of table 3
reveals five henign prostates and three carcinoma-
tous glands that were studied in this fashion. In
all the citrate determinations except two, the
figures are fairly compurable, indicating that the
titrate coneentration may e expeeted to be uni-
form throughout the organ. In general, no relinble
eorrelation was evident from the aconitic vulues,
dthough in one or two instances  correlative
figures were obtained.

In the surgical specimens studied, 15 histo-
1"‘r§i('ﬁ|1y benign prostates were found to have
titrie aeid coneentrations of les< than 1.0 mg. /em.
of tissue studicd. In view of the suspicion that this
&oup might contain latent, undeteeted cnr
“inona, a carcful clinienl and microscopic review
V88 made. From table - it is evident that the Tow

ttrate concentrations were present in 4 cases of

’ Range | Nean Valie
No. | [
! CA | AA \ CA A
: e g } mic fgm. Lo e By
63 016 4.50 1 0.0 1460 2.3 1,00
S, 000192 0.00.73 (£ & R B {5
| | ’
2 0 13-1.30 0.1 019 i
1 088 pNT I
1 i
A

.56 0.23

Tanrk 3. Coreelation of citrate and neon tate values
Jrone various lobes of prostole

! |
AA

I cA
R

I ng.igm. ! mg. gm,
)

'

LG BPH . RL 10100 0400
‘ [LL 1500 0 00570
20N BPIL O RL 4260 3.600
‘ S ML 3.000 0 3.350
i . LL 3.500 2,850
4011 ©OBPH O RL 28101 0.827
{ LL | 3.210 0 0422
LHMo BPH O RL 1340 0.910
J | LL | 0011 0.130
5. L.B. BPH  RL . 0.3%  0.200
CLL | 0529 0.7

i i
LJIw.. oA ML, 0.000 | 0.000
I RL 0 0.000 0 0.000
. LL . 0.000  0.000
2. 8.4 i Ca PL ¢ 0.732  0.183
‘ RL | 0.515; 0.280
LL  1.400 @ 0.617
3. EP. CA RL | 0727 0.072
| LL | 0815 v.ues

bladder neck eontracture and/or median har, 8
cases of adenoma with predominantly  fibro-
muscular hyperplasia, and three miscellineous
cases of estrogenization, infarction, and prostatic
tissue from a prostatoeystectomy for squamous
carcinoma of the urinary bladder. In three of the
S casex of adenoma with low citrate concentra-
tions biopsy has been repeated perineally with the
Stlverman needle teehmigque, Al three were nega-
tive for tumor. The remaining J cases in the araup
have been only recently operated on and show no
elinical, biochemical, or histological evidenes of
malignaney. In view of the faet that the citrate
values in this small group approximate the values

-



cd o e eally proven carcinoma, it s
s e geep them under close survetltanee

proetatic hiopsies in the future.

kil
AUTUPSY VALULR

In view of the obaervation that the citrate and

COOPER AND IMIELD

vilues in the 9 adult males ranging from 25-47
vears were variable and probably serve oyl 4
rough estimations of the intrinsic prostutic vadieg
for citrate and aconitate. Tt is interesting tha the
average values for the men below 30 years of o,

were significantly lower than the older grouy,

soonitate concentrutions n prostatie =SUe - .
. itate eoncat et mo n_t m . Ussue poow 30 vears the average citrate aud aconityy,.
dovresse direetly with time (table 3, it is prab- a- oqs :
. . . values were 02925 mg. gm. and 0215 M. iy
abie that the valiex ehtamed  from autopsy . s
5 Over 30 years the values were 1410 myg. /g, o

matenial are not reliable, In o brief review of 12
autopsted neles rmnging in age from newborn to
67 vears a vanable <eries of values was obtained.
Thne children were examined, two newbaorns
and one Svear-old bov dying of leukemia, It is
interesting that uo citric acid or aconitic acid
could e detected in the prostatic tissue of these
prepubertal subjects, substantiating the andro-
genie dependence of citrate and aconitate, The

TasLe 4. Benign prostates

0.759 my. g, respeetively. In comparizon wig),
the average values taken from healthy adenon,
at the operating table, 2.08 mg /g for city,
acid aud L mg g for aconitie acid, - .
autopzy values are considerably  reduced g,
magnitude, probably sccondary to postmorten,
intracellular autolysi=. However, they are repro-
duced here for the record,

with citrate below 1.0 mg./gm.

i

cA AA ] Pathology ! Rebiapsy
i mg. gm. ‘ mg. om i o
LRTHP. O R e BPH. FM+ " neg
2.3,21 HA. . 1691 1 045 | BPH,FM4 neg.
3.4726 AB.. 4 097 ;071 , BPH, FM+ { neg.
4. 72RS.. ... .. o 0.14 0.00 i BX contracture
5. 826RD. . 1045 0.62 ' BPH, chr. inflamm.
6. 10;8SLEF. ... .. ... ... . ... Lo0.09 , 0.0 I BN contracture
i TH. ... .. | 0.96 ‘ 0.40 BPH, FM+
8 NAWA.. ... ... . ... ; 0.43 ! 0.11 multiple infarcts
9.122BG. ... .. | o2 | o0 , BPH, FM+
10. 1273 G . | eas w00 BPI, FM+
112508 | 0.3 | 0.2t | incidental
12.12/9SB. ... I 0m . 020 | BPH
13 12,186 AF. . 1 030 | 0.00 | mediun bar
HI2ATRW. | 0.14 | 0.00 | median bar
15 12/726 AK........... ... .. o 0.8 ' 0.87 ! estrogenized
TaBLeE 5. Loss of citrate and aconitale with time
i cA AA
! . | ! mg. gm. ng./gm.
1.JM. ... |70 yrs. | BPH | immed. postop ; 1.04 0.735
‘ ! ¢ 3 hrs. postop ‘ 0.34 0.55
! I ‘ 6 hrs. postop i 0.26 0.00
2.BM. St Ry 0 BPH | immed. postop ! 2.43 3.76
i 3 hr<. postop . 2.28 1.01
L6 bre. postop ‘ 1.21 1.07
. 24 hrs. postop i 1.42 1.00
" 18 hrs. postop E 0.26 0.00 -
. 72 hrs. postop \ .00 0.00
: .. roeatien . .



Tanv 6. Citrate nnd aoonitate ralues in a whaps i fiss e
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DISCEUSS[ON

From the dator wecuinlated 3t is apparent that
atrate svithesis in the hman prostate s g
distinguishing Fiochomieal foature of the Orgae.
The exaet funstion of citrie aenl in the phyziology
of the prostate is obseure, It i< found in high
concentration in henicn prostatic t<sue as notod
our serics of 77 specinwens secured at operation,

Pvidence i< available from the work of Kal-
nitsky (1M and Sehneider, Strichich und
Hogehoom (1

W36)* that the cnzymes ROeCeSSAry
for the synthesis of eitrate by the coll are present
in the mitochondrial apparatus. In addition the
latter authors concluded that citrate Is actually
svuthesized exclusively in the  mitochondrial
system of the secretory eoll,

The chief Biochemical sources of citrate s3yn-
thesis within the prostate are dependent on the
mtracellular oxidation of metabolic fuels, such as
eathohydrate, firty acids, und amino acids. Such
oxidutive probably  mediated
through the confiquration of the citrie acid cyele
8 deseribed by Krebs? In addition transamina-
tion reactions volving glutamic acid, found in
high coneentration in prostatic tissue, contribute
0 the synthesis of citrate s The increased con-
feutration of citrate in prostatic adenoma may

¥ Kalnitzky, (i.: J. Biol. Chem., 179: 1013,
1949

reactions  ure

b * Schneider, W. C., Strichich, M. J. and Hoge-
"?m, G.H.: J. Biol. Chem., 222: 069, 1956.
v Awapara, J.: Indocrinology, 51: 75, 1932,
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tite ol were distineti lower than . i

Benicn wroup, rongine from 00 0882 10 citrie
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Stadtneous determamation

Aronitabe on varioas lobes ol indis i | Pros-

tates wove oo tie deeree of coreeltion,

aperative

el

cilrate

! CA ' AA oy
; g gm { vg. /o
1
| 1.0k 0.0 7 ohrs
; 0.00 0.0 6 hre.
i 0.0 0.0 j b,
i i
110 | 039 C 10 b,
058 : 0.15 1 hrs.
.52 i 0.98 CI0 e,
121 ‘ 0.16 [ 7 hre.
! 0116 0.8 ! 20 hrs,
! RS ; 11y 19 hrs,
231 | 128 i 6 hirs.
.53 : 0. 41 | 6 hrs.
; 2.2 0.83 L 10 hee.
' a
oo 0.215
0.759 ’

1.410

well result from aetive metabolic synthesis plus
nonutilization of the =ubstance as noted by
Barron and Hugain=S but the Jatter coneept s
not well supported from hiochemical data avail-
able at this time,

In prostatic eancer our preliminary studies
have shown that eitrate concentration is markedly
reduced to absent in simple prostatie tissue
homogenates. The data suggest that there is a
serious interference in citrate synthesis in pros-
tatic mulignaney. Whether this phenomenon
represents a significant alteration in the operation
of the citric acid eyele in this tyvpe of neoplasin is
problematical and worthy of further experimental
investigation. The suggestion is made that pros-
tatic citrate determinations may be of value in
the detection of latent, unsuspected prostatic
carcinoma where routine histological seetions
have failed to demonstrate nalignaney, Tt is
probable that biochemical alteration of prostatic
tissue may well oceur long before malignant
changes are histologically obvious to the pathol-
ogist.

SUMMARY

The physiological role of ¢itrie acid and aco-
nitic acid in the mammalian prostate is poorly
understood.

In a series of 77 benign obstructive prostates,

¥ Awapara, J.: Texas Reports Biol Med., 10:
22, 1932.

3 Awapara, J.
194: 97, 1932,

and Seale, B0 I Biol, Clym |

BOAND EIMIELD
Preliminary stuedics sueeest that o

sigtificant

i~

alteration in citrate ~vithees

prostatic carcinoma.

- T possibile that prostatic citrate ol e

the Bte assins may he of value i the detes tion,
Btent o incipient carcinomn of the prostat,

am The  suggestion i< nade that bioelng

alteration of prostatic tiesue nmy stemifieang

i antedate histological or clinieal cvidine.

malizhney,

G Nunsel Bivd,, Lo Angeles, Cal 0] )y
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Porvenaoxynic Acms on Broon CLOTTING

Effcet of Polycarboxylic Aeids on Blood Clotting.*  (24292)

Fowix E. Gorpox  (Introduced by H. L. Blumgart)
The Departinent of Mediciive, Hurvard Medical School, the Medical Research Department,
Yamins Researck Laboratoiies, and the Medical Service, Beth Israel Hospital,
Boston, Muass.

The anticoagulant action of citrate has been
known for more than 60 years(1). The simi-
Jarity in molecular structure of icocitrate and
aconitate to citrate suggested that these tri-
carboxylic acids might also interfere with the
clotting mechanism. To test this hypothesis,
isocitrate, aconitate and the sodium salts of
other polycarboxylic acids were incubated
with human blood. Of the acids tested, those
with 3 free carboxyl groups were effective in
prolonging the clotting time.

Methods. Two ml of venous hlood from
normal voluntecrs or from patients without
known clotting defects was discharged into
tubes containing a solution of 0.5 ml of the
appropriate test substance and into control
tubes charged with 0.5 ml of 0.85% saline.
The tubes were stoppered, inverted several
times and placed upright in a rack at room

* Supported by a grant from the Massachusetts
Heart Assn.

temperature. Clotting time was defined as
the interval between termination of mixing
and formation of a firm clot which remained
at the bottom when the tube was completely
inverted. The polycarboxylic acids, obtained
{rom commercial sources,t were put into solu-
tion, neutralized to pH 7 (pH Hydrion paper)
and made up to volume with distilled water or
saline just prior to use. The citric acid con-
tent of the commerci;! cis-aconitic acid, frans-
aconitic acid, dl-Nay isocitrate, and tricarbal-
Iylic acid was found to be less than 0.03%¢

t Citric acid was purchased from Baker Chemicat
Co.; cis-aconitic acid, dl-malic acid, fumaric acid, tr
carballylic acid, malunic acid, dl-isocitric acid lactone
and Na, isocitrate were purchased from the Cali
fornia Foundation for Biochemical Research, T.es
Angeles. The source of the other compounds tested
was the Nutritional Biochemical Corp., Clevelund.
Ohio. Trans-aconitic acid, recrystallized from fhe
commercial preparation, was found fo be 86% pure
by chromatography (2).
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FIG. 1. Eftcet of varyiug concentrations of citrate,

dlisocitrate and eis-aconitate on clotting time of

whele blood. Twoe ml of blood was added to 0.5 ml
of a solntion containing the test substanee.

as determined by the method of Natelson,
Pincus & Lugovoy(3). This amount of citric
acid present as a contaminant would not ap-
preciably influence blood clotting time.

Results. Both isocitrate and cis-aconitate
were found to increase clotting time of whole
blood (Fig. 1). The effect was dependent
upon the concentration of polycarboxylic acid
in the blood. Prolongation of clotting time
was identical in the presence of equimolar con-
centrations of isocitrate and cis-aconitate. At
a final concentration of 46 umoles/ml hoth
isocitrate and cis-aconitate increased clotting
time to over 24 hours (Table ;). The un-
natural isomer, #rans-aconitate, prolonged the
clotting time, hut was less effective than the
¢is isomer. Tricarballylate was also found to
influence clot formation. The lactone of iso-
citric acid was relatively ineffective in increas-
ing the clotting time. Only a slight prolonga-
tion of clotting time was noted when each of
the dicarboxylic acids, a-ketoglutarate, suc-
cinate, fumarate, malate, glutarate, citra-
conate, glutamate and malonate was added to
blood.

In other experiments, 2.0 m} of blood was
mixed with 0.5 ml of 0.23 M cis-aconitate and
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permitted to stand for 4 hours. Control tubes
contained 0.5 ml of saline and a drop of
heparin (1000 U/ml) instead of cis-aconitate.
At the end of the incubation period the cellu-
lar clements were removed Ly centrifugatinn,
plasma proteins were precipitated with 3 vol-
umes of 209 trichloracetic acid and the citric
acid of the supernatant was determined.
Plasma that had been incubated with cis-
aconitate contained 5-7 pg citric acid /ml more
than the control. This experiment indicated
that a quantity of cis-aconitate, insufficient to
affect clotting time, had been converted to
citrate. TIncubation of isocitrate in a similar
manner did not reveal conversion of this acid
to citrate.

Recalcification times were carried out on
plasma from whole blood that had been in-
cubated for 2 hours at room temperature with
0.046 M isocitrate and with cis-aconitate.
Plasma clots formed between S and 10 min-

TABLE 1. Effcet of Polyecarboxylic Acids on
Ciotting Time of Human Blood. 2 ml of blood
mixed with 0.5 ml of 0.23 at aeid (neutralized to
pIt 7). Control tubes contained 2 ml of blood plus
0.5 ml of 0.85% saline. Values are the means of a
number (in parentheses) of experiments. Range of
values is given beneath mean vulue in each ease.

Clotting time
Acid Control Sample
Tricarborylic Min,
Citrie* (4) 5 >24hr
Cis-aconitic (4) 5 >24 "
Trans-aconitic (4) 7 5-18
Tsocitrie (4) 6 >24 "
Isocitrie lactone (4) 5 30 min.
13-49 »
Tricurballylie (4) 5 >24hr
Dicarboxylic Min, Min.
a-ketoglutaric (4) 5 10.5
9-12
Suecinie (4) 6 28
18-41
Fumarie (4) 6 8
7-9
Malie (7) 5 21
1742
Glutarie (4) 6 10.5
4-15
Citraconie (3) 7 27
26-29
Glutamie (2) 5.5 10
8-12
Malonie (5) 5 12
8-16

* Coneentration 115 nr,
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utes aiter addition of 0.2l of 0.02 3 CuCL
to 0.2 ml of plesisa, Clot fovation was not
apparent 4 hows alter CaCl: had been added
to plisma from the tricestolhviute incubated
bloud samples.
Discussion. These indicate
that blood clotting i< inhibited G 2itre in the

Cxperiments

presence of isocitrate and civ-aconitate as well
as in the presence of civrate. None of the di-
carboxyhic acids tested was effective in pro-
Tonging clotting time; the lactone of isocitric
acid was similarly ineffective The mechanism
of the inhibition has not been established. Al-
though other interpretations are possible, it
is likely that the tricarboxylic acids chelate
with ionic calcium through the 2 terminal
carboxyl groups as postulated by Heinz()
to form relatively undissociable calcium com-
plexes in the blood. Tricarballylate has been
shown to complex with ionic calcium in pure
solutions(5), but it appears from the recalci-
fication experiments that its ability to prevent
clotting stems from interference with the co-
agulation mechanizm other than its Ca * bind-
ing ability.

In the normal state it is unlikely that cis-
aconitate or isocitrate play a significant role
in prevention of blood clotting in vivo be-
cause of the small concentration of these sub-
stances in blood(6). It is possible, however,
that these intermecdiates of the Krebs cycle
might influence the intracellular concentration
of ionized calcium. This concept would be
especially important in those tissues, such as

nerve and muscle, where small changes in cor,
centration of ionized calcium are known .,
exert profound effects(7).  Conversdly. i
creased concentrations of ionized calcium .
tissues might influence citric acid cycle ne
tabolism by complexing  with citrate, ju,
citrate or cis-aconitate thereby
with enzyme substrate formation.

Summary.  Human blood was incubate
i vitro with the sodium salts of a number of
di- and tricarboxylic acids and their effect oy
clotting time was noted. Cis-aconitate, frau:-
aconitate, isocitrate and tricarballylate mark.
edly increased clotting time of whole blood
Prolongation of clotting in the presence of iz
citrate and cis-aconitate was dependent upo
their concentration in blood. The possibl
mode of action of these metubolically active
compounds and the implications of the find:
ings were discussed.
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TRANS-ACONITATE UTILIZATION BY SHEEP
By G. S. Kexxepy*
[Manrscript reccived September 29, 1067]

Summary

Sheep fed dicts containing 3-8 and 7-09; trons-aconitate on a dry weight
basis for & duys apjpearcd normal and maintained normal levels of blood citrate,
ketones, and aconitate, but showed large increases in urinary ecitrate. Celeium and
magnesiunt fevels in plasma and urine were not substantially modified.  When
trans-aconitate was placed in the rumen it disappeared rapidly but did not increase
the concentration of rumen volatile fatty acids; blood and urinary aconitate values
remained low. frans-Aconitate did not inhibit the fermentation of soluble substrates
by rumen microorganisins v vitro. Both efs- and trans-aconitate were fermented
slowly.

Tntravenously  njected  sodium  freus-aconitate at  1-0 m-mole/kg body
weight produced no ill effeets. The citrate which subsequently accumulated in
blood and urine was not a radiometabolite of [1,5-11C)rans-aconitate, suggesting
that it was formed by aconitate hydratase inhibition. Plasma calcium and magnesium
values were not depresserdd by intravenous frans-aconitate administration but
urinary calcium excretion nereased and urinary magnesium decrcased.  Under
similar conditions of njeetion, sodium citrate was lethal.

Those data are believed to exelude frans-aconitate as a sole cause of lethal
aconitate hydratase inhilition or of hypomagnesaemia in sheep.

I. INTRODUCTION

Burau and Stout (1963) have suggested that frans-aconitate may poison
cattle by forming magnesiuin ion complexes which induce hypomagnesaemia, or
by competitively inhibiting aconitate hydratase, the enzyme catalysing intercon-
version of citrate, cis-aconitate, and isocitrate within the tricarboxylic acid cycle.
These suggestions were prompted by the observation that high frans-aconitate
concentrations occur in herbage from early spring pastures inducing hypomagnesacmia
(Burau and Stout 1965). The highest trans-aconitate concentration (4-29%, of dry
weight) observed in a grass speecies was found in Phalaris tuberosa 1. Symptoms
resembling those of Phalairis poisoning in sheep have also been caused by dietary
fluoroacetate, namely progressive citrate accumnulation, loss of appetite, muscular
incoordinaticn, body tremors, tetanie convulsions, and death (Jarrett and Packham
1956). The biochemical basis {or fluoroacetate poisoning appears to lie in its enzymic
conversion 7n vivo to fluorocitrate (Peters 1957).  Both fluorocitrate (Peters 1957)

* Division of Plant Industry, CSIRO, Canberra; present address: Department of Botany
and Plant Pathology, Natural Science Bulding, Michigan State University, East Lansing,

Michignn 48823,

Aust. J. biol, Sci., 1968, 21, 529--38
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and frens aconitate (Sauffran and Prado 1049) act as competitive inhibitors of
mannalian aconitate hydratase.  frane-Aconitate has been previously shown to
strongly inhibit the respiratory oxygen uptake hy sheep rumen epithelinm in tissue
elices (Penningtan and Sutherland 1856). 1t is therefore desirable to establish whether
trans-aconitate can contribute to the Phaluris poizoning syndromes, currently ascribed
mainly to the offeets of tryptamine alkaloids (Gallagher, Koch, and Hoffman 1966).

Stout, Brownell, and Burau (1967) have found more than 19, trans-aconitate,
on a dry weight hasiz, in 14 of the 30 grass species examined and in 8 of 54 dicotyl-
edonous plants. Though there is clear need to study trans-aconitate metabolism by
mammals, the action of trans-aconitate on rumen microorganisms is also obscure.
Both inbibition (Pisano, Blahuta, and Mullen 1959) and utilization (Altekor and Rao
1963) have been demanstrated with bacteria. The present paper considers first the
utilization of dietavy frans-aconitate and then the effects of intravenously injected
trans-aconitate on sheep.

II. My ‘ops

(@) Skeep and Materials

The toxicity of frans-neonitate was tested with Merino or Merino X Border Leicester wethers
weighing between 37 and 53 kg, Foold was withheld from sheep during the 24 hr preceding
injection or intraruminal administration experiments.

trans-Aconitic acid for feeding cxperiments was prepared from citric acid according to
Bruce (1961) and recrystallized twice from acetie acid to achieve a melting point greater than
193°C (dec.). [1,5-14CYrans-Aconitic acid was similarly prepared from [1,5-14CJeitric acid. trans-
Aconitic acid, A grade, for injection experiments was obtained from California Corporation for
Biochemical Research, Los Angeles. cis-Aconitic acid was synthesizod from ¢rans-aconitic acid
acecording to the methad of Deutsch and Phillips (1957). All acids were checked for purity by
thin-layer chromatography us described later.

(b) Analytical

Unloss otherwise stated, aconitate determinations were made according to Saffran and
Denstedt (1948),  Thin-layer chromatography on silica gel, using chloroform-methanol-formic
acid (90 : 16 : 8 by volume) with p-dimethylaminobenzaldchydo as detecting agent (Smith 1960),
was used for qualitative checks of frans-aconitate occurrence. Citrate was determined by a
pentabromoacetone method (Stern 1957), modified in that the last traces of excess KMnOg were
decolorized with 1:5%, HOg: interference by frans-aconitate was negligible. Blood ketones
were measured as acetone according to Bakker and White (1957). Polyethylenc glycol was deter-
mined by the turbidimetric method of Hyden (1956), taking the maoximum reading after tho
addition of trichloroacetic acid reagent. Total volatile fatty acids were titrated after distillation
in a Markban still (McClymont 1951).

Following intravenous injection with [1,5-19C)rans-aconitate, blood and urinary organic
acids were purified by partition on silica gel (Swim and Utter 1957), then applied in bands to
2-mm silica gel thin-layer chromatography plates and developed as described previously. After
detoction with a light spraying of p-dimethylaminobenzaldehyde reagent, the zones wore seraped
into seintillation fluid consisting of cthanol, dioxan, toluene, water (47:77: 77 : 12 by volume)
containing 80 g/l naphthalene and 5 gfl 2,5-diphenyloxazole, and counted in a scintillation
speclrometer,

Caleium and magnesium were determined in urine colleeted into 1-08 HCl, and in blood

plusma prepared and deproteinized as doseribed by Wootton (1964). The determinations were
carricd out by atomic absorption spectroscopy methods (David 1960), modified iu that ammonium
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chloride was present in both sainple and standard solutions. Strontium chloride (1600 p.p.m. Sr)
in hoth sample and standerd was used to suppress interferences in the determination of caleium.

(c) In vitro Fermentation

Samples of rumen fluid were obtained through rumen fistulae from three sheep, filtered
through four layers of surgicel gauze, and used either immediately or after periods of up to 2 hr
at 38°C bLubbled with earbon dioxide. Gas exchange accompanying organic acid fermentation
was measured mavemetrically as deseribed by MeBee (1953) with 0-2 ml (20 qunoles) substrate
and 0-8 10! rumen fluid. Flasks and manometers were flushed with ecarbon dioxide. The correction
factor to overcome variation in flask volumo was (gas volume of flask 4+ manometer)/(gas volume
of smallest flask +mmanometer). In vifro metabolism was further studied with rumen material
from the same three rumen-fistulated sheep, which were fed 500 g Jucerne pellots, pellets plus
0-2 mole citrate, or pellets plus 0-2 mole trans-aconitate respectively daily for 3 days. Incubations
were made at 38-40°C' in fest tubes containing 0-5 ml (100 pmoles) substrate and 9-5 ml rumen
fluid, bubbl~d with water-=aturated carbon dioxide. Aconitate was determined spectrophoto-
metrically, essentially as described by Racker (1950), on samples deproteinized with 0-1x sulphurie
acid and centrifuged at 10,000 ¢ for 30 min. Further measurements of aconitate disappearance
during the course of in vitro fermentation were obtained, this time incubating the samples in
McCartney bottles which were flushed with earbon dioxide, stoppered, and shaken at 38-40°C;
aconitate was determined by the method of Saffran and Denstedt (1948).

(d) Intra-ruminal Administration of trans-Aconttate and Citrate

Approximately 500 ml rumen fluid was withdrawn, mixed with 2-5 g polyethylene glyeol,
0-1 mole citrate or frans-aconitate (1-03, one-third neutralized with NaOH), and relurned to
the sheep through a fistula. The experiment was done twice using only two sheep; thus cach
sheep received both trans-aconitate and citrate administration. Samples for volatile fatty acid,
polyethylene glycol, and organic acid determinations were taken by withdrawing approximately
400 ml fluid by rumen pump, mixing, and sampling. Unused fluid was returned to the rumen.
The sheep were fed lucerno pellets, both during the experiment and for several months beforehand.

(e) Dietary Administration of trans-Acoenttate and Citrate

This experiment employed 10 sheep. Dietary additions were made by applying aqueous
solutions of trans-aconitic acid or citric acid (one-third neutralized with NaOH) to lucerne pellets
which were then dried at 70°C. The trans-aconitate additions, each administered for 5 days to
two sheep, wore 01 mole/day (approximately 3-59; fruns-aconitate on & dry weight basis) and
0-2 mole/day (7:09, trans-aconitate). Another four sheep received similar treatments, except
that citrate was substituted for frans-aconitate addition. Control analyses (Table 1) refer to
analysea from the remaining two sheep which were each fed the same quantity of untreated
pellets as the above sheep. Urine was collected with the aid of metabolism cages for one replicate
of this experiment and then, to avoid food debris, into containers strapped to the sheep for the
other replicate. Urinary aconitate values in Table 1 werc obtained using the latter collection
method. Urine was collected into 100 ml 1:0x HCI or into 20 m} 89, (w/v) thymol in isopropanol.
Blood samples were taken by syringe from the external jugular vein and sodium heparin used
throughout as an anticoagulant.

(f) Intravenous Administration of Citrate and cis- and trans-Aconttale

Intravenous injections were made with acids in 1-0M aqueous golution adjusted to pH 7-4
with NaOH. Injections were made over a 10-min period into an external jugular vein and post.-
injection blood samples withdrawn through a polycthylene catheter in the corresponding vein on
tho opposite side. frans-Aconitate at 1-0 mn-molefkg was administered to five sheep, cis-aconitate
and citrate to one sheep each, A lower level of citrate, 0-3 m-molefkg, was administered ‘over
20-min periods to two sheep.
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IIT. REsvLTs
(@) In vitro Utilization

The manometric readings in Figure 1(a) represent not only the carbon dioxide
released from substrate and buffer, but also the production of other gases, chiefly
methane. Glucose and citrate showed rapid rates of fermentation by rumen miero-
organisms in vitro, which were not depressed by trans-aconitate [Fig. 1(a)]. Under
these conditions ¢fs- and fians-aconitate were fermented slowly. Citrate fermentation
did not show a strongly developed initial lag phase, of the type observed by Clarke
and Meadow (1839} to accompany citrate fermentation by Pseudomonas aeruginosa
and attributed to adaptive permease formation.

(a) (1)
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Fig. 1.—(e) Effcct of trans-aconitatc on the fermentation of soluble substrates. Gas volume
expressed in terms of change in manometric height, AH. 0-8 ml rumen fluid incubated with
6-2 ml (20 ;unoles) cach of cis-aconitate (A), trans-aconitate (A), citrate (@), and citrate - trans-
aconitate (). X No substrato. Results for similar experiments with glucose ([]) and glucose -
trans-aconitate (@) ure also shown. (b} In vitro fermentation of citrate (@) and trans-aconitate
{A) by rumen finid obtained from sheep fed diets supplemented with 3:59, citrate or 3-5%
trans-aconitate for 3 days. 95 ml rumen fluid incubated with 0-5 ml (100 pmoles) substrate.
Mean values plus standard error of means from six determinations are given.

Citrate, but not c¢is- or trans-aconitate, was substantially broken down during
in vitro incubation with rumen ftuid for 1 hr [Fig. 1(b)]. There appeared to be con-
siderable variation in the rate of citrate breakdown by rumen fluid obtained fromn
difereit sheep. In this experiment, disappearance rates were also measured at daily
intervals over a 3-day period when sheep were fed organic acid supplements at
0-2 mole per day. The rate of trans-aconitate fermentation remained at the low
level shown in Figure 1(h). However, the citrate hreakdown on successive dayx.
under similar conditions to those specified for Figure 1(), was 44, 39, 56, and 66 zmoles
per hour, A slow change of this type could be caused by altered microbial populations
inn the rumen, or adaption by existing types.

(0) Intra-ruminal Administration of trans. dconitate and Citrate
Both citrate and frans-aconitate disappear rapidly from the rumen (Fig. 2).
Citrate, as has been previously reported by Packett and Fordham (1965), increased
the volatile fatty acid content of the rumen; trans-aconitate did not (Fig. 2). Follow-
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ing administration of 0-1mole of trans-aconitate into the rumen, the level of blood
aconitate and eitrate increased slightly from base values of 9 and 19 pg/ml respect-
ively to achieve maximum values of 23 and 27 pg/ml 1 hr after administration.
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Fig. 2.—Comparison between curves for the disappearance from the rumen
of added citrate (@) and frans-aconitate (A) with that of polyethylene glycol
(Q) in vivo with ramen-fistulated sheep. Rumen volatile fatty acids { X ) were
also measured. Each point is the mean of values from two sheep.

(¢) Dietary Administration of trans-Aconitate and Citrate

Sheep fed trans-aconitate appeared normal and had blood citrate and ketone
values approximating those of control sheep (Table 1). However, urinary citrate

TaBLE 1

EFFECT OF FEEDING CITRATE OR [rans-ACONITATE SUPPLEMENTS TO SHEEP FOR 5 DAYS ON LEVELS
OF BLOOD AND URINE COMPONENTS

Blood samples taken 1hr after feeding. Aliquots of 24-hr sample of urine used for analysis.
Urine collection commenced on the fifth day after feeding. Mean values are given for the two
control sheep and for the four citrate-fed sheep. Separate values are given for each of the two trans-
aconitate-fed sheep for blood samples and for the urine collected by the two different methods
(see text). However, aconitate data for urine collected from metabolism cages are omitted

Daily Whole Blood Plasma Urine
Dietary
Addition Citrate Aconitate Kotone | Mg Ca | Citrate Aconitate Mg Ca

(mole) (ug/ml)  (pg/ml)  (ug/ml) Kp.p.n.)(p.p.m.)j (ug/ml) (pg/ml) (p.p.m.)(p.p.m.)

None (control) 19 7 18 17 111 48 103 190 19
trans-aconitate )
0-1 22 12 9 16 118 520 260 9
0-1 24 15 12 17 110 420 180 254 13
0-2 27 17 21 17 113 660 310 16
0-2 24 7 22 18 105 805 240 172 13
Citrato
0-1,0-2 17 4 14 19 115 42 61 230 9

was greatly increased by the administration of traws-aconitate (Table 1). Subsequent
trials with sheep fed 0-1 mole frans-aconitate per day have shown that within 24 hr
the urinary citrate reached high values (approximated by those in Table 1) -which
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were maintained over the duration of the feeding trials. On the other hand, con-
centrations of aconitate in the uvine were low (Table 1) and the urinary recovery
was calculated as less than 19, Thefe was no marked influence on either plasma or
urinary caleinm and magnesinm values (Table 1),

(d) Intravenous Injection
No almormal behaviour was observed in the five sheep injected intravenously
with frans-aconitatc at 1-0 m-mole/kg hody weight. These injections caused varying
increases in the blood citrade level [Fig. 3(e)]. The blood volume was not measured
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Fig. 3.—(a) Effect of intravenous fraxns-aconitate injection on blood citrate

(@), trans-aconitate (4), plasma magnesium {Q), and plasma caleium (x)

levels. 1ach point is the mean of values from three sheep. (b) Blood citrate

levels following citrate (@), cis-uconitate (A), and saline (@) injections,

Plasma magnesium (M) and caleium (X ) levels following citrate injection
are also shown.

but, if it is assumed to be approximately 3 litres (from the data of Panaretto 1964),
then only 9%, of tho injected #rans-aconitate can be accounted for in the blood
volume 20 min after the commencement of injection. The level of trans-aconitate
was observed to fall rapidly [Fig. 3(e)] and there appeared to be rapid renal clearance
into the urine (Fig. 4). The blood and urinary citrate was not a metabolite of
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Tig. 4.—Effoct of intravenous trans-aconitate injection on the urinary

concontration of citrate (@), truns-aconitato (A), magnesium (QO), and

calcium (x) lovels, Sheop 1 and 2 wore fed lucerne pellets, sheep 3 poor
quality Phalaris straw.

[1,5-14C)truns-aconitate (Table 2). Approximately 40% of the injected trans-agonitate
was recovered in the urine of the five sheep over a period of 24 hr.
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Whereas the injection of 1-0 m-mole/ky of trans-aconitate did not result in
any ab wmal behaviour, injection of citrate at the same level killed one animal
within 7 min. Injeetions of citrate at 0-3 m-mole/kg over a 20-min period appeared
to he close to the toxie dose and car. 4 high urinary citrate and calcium excretion

TaBLE 2
RADIOACTIVISY OF (r@ns-ACONITATE AND CITRATE IN BLOOD AND URINE
FOLLOWING INTRAVENOUS INJECTION OF [1,5-14CJtrans-ACONITATE TO
SHEEP 2
Specific activities, oxpressed as disintegrations per minute per 100 pg,
given in parenthesis

Time after trans-Aconitate fruns-Aconitate  Citratein  Citrate in

Injection in Blood in Urine Blood Urine
{hr) (ng/ml) (pge/ml) (pg/ml) (pg/ml)
0-7 206(4,031) 85(0)

1-0 95(3,537) 56(31)
3-5 12,800(3,621) 794(28)
6-0 3,400(3,745) 305(41)

without marked change in urinary magnesium excretion (Table 3). A similar but
less pronounced rise in caleium content was apparent in the urine of sheep injected
with trans-aconitate (Fig. 4); plasma magnesium and calcium levels remained

TavrLe 3
URINE COMPOSITION FOLLOWING SODIUM CITRATE INJECTION

1:0M sodium citrate, pH 7-4, was injeeted into two sheep at
the rate 0-3 m-mole/kg body weight

I‘l.mo hfrom Volume Citrato Ca Mg
) Injection to (ml) (ugiml) (ppm.) (p.p.m.)
Sampling el p-p.m-} Ap-p-m.
Sheep 1
Preceding 24 hr 1016 38 19 235
0-25-0-5 hr 180 2800 216 128
0-5-3-0hr 50 - 2400 70 105
Sheep 2 :
Preceding 24 hr 1160 43 32 235
0-3-1-2 hr 60 1500 80 121
1-2-2-2 hr 100 814 67 108
23-25 hr 90 30 30 95

approximatcly constant following injection [Fig. 3(¢)].  From stability constants
(Sillen and Martcll 1964) it can be calculated that at pH 7-4 citrate has a much
.higher binding power for Ca?t than for Mg2t and Mn?'ions. Following citrate
injection, plasma calcium levels were not greatly modified [Fig. 3(b)).
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IV, DiscussioN

Sheep fed trans-aconitate supplements appeared normal and had hlood citrate
‘alues within the normal range. The slow rates of frans-aconitate metabolism observed
in witro, coupled with rapid freas-aconitate dizappearance from the rumen in vivo,
suguest rapid frans-aconitate absorption through the rumen epithelium. Subsequently,
blood and urinary aconitate values remained low, further indicating that trans-
aconitate was utilized mainly within sheep tissues. The unexpectedly low urine
recoverics of trans-aconitate observed in these experiments suggest a need to study
the prohable metabolism of trans-aconitate by animal tissues, where appropriate
enzymes attacking this componnd have not so far been found.

The sheep responded to dictary frans-aconitate hy increased urinary citrate
excretion. The citrate exercted following injeetion of [1,5-1CJtrans-aconitats was
not a radiometabolite of the latter (Table 2) and is therefore suggested to have heen
formed by aconitate hydratase inhibition, probably in tissue not metaholizing
trans-aconitate. Tt should be noted, however, that Penmington and Sutherland (1955)
have shown that the respiratory oxygen uptake by rumen epithelinum was stimulated
by cis-aconitate and the other Krebs eyele acids at a concentration (10 wg/ml) which
permitted trans-aconitate to exert powerful inhibition. Tailure of trans-aconitate,
in present circumstances, to cause a lethal metabolie block can be partly attributed
to weak aconitase inhibition (Thomson et al. 1966), rapid urinary clearance (Fig. 4),
or perhaps failure to reach mitochondrial aconitate hydratase.

It is difficult to account for the way dietary trans-aconitate increased urinary
citrate excretion (Table 1). “he low citrate levels in the blood (Table 1) contrast with
the high levels obscrved in sheep poisoned with fluoroacetate (Jarrett and Packham
1956). Data are not available concerning the urinary citrate excretion of fluoro-
acetate-poisoned sheep. Tt is known, however, that urinary citrate remains unchanged
despite greatly increased tissue and mitochondrial citrate in fluoracetate-poisoned
rats (Crawford 1963). Conversely, intravenously injected analogues of Krebs cyele
acids have caused approximately 25.fold increases in the urinary citrate of the dog
(Orten and Smith 1937), without increasing blood, liver, or muscle citrate (Orten and
Smith 1939). Thus, in the present instance, trans-aconitate may have induced a
renal, rather than a whole body response, resulting in rapid citrate elimination in the
-urine. The mechanisms controlling renal citrate disposal arc ill defined but acid-base
balance, active reahsorption, or other causes could be invoked. The kidney is also
particularly active in citrate synthesis (Orten and Smith 1939) and utilization
(Herndon and Freeman 1958). Possibly trans-aconitate may preferentially accumulate
in renal tubular cells and cause enhanced aconitase inhibition there. Citrate levels
are normally extremely high in kidney tissue following fluoroacetate poisoning
(Petors 1057).

In the present experiments added citrate disappeared from the rumen fluid 7
vitro (Figs. 1 and 2). Citrate may also have passed through the rumen epithelium
but, if this were so, the low values obtained for Hlood and wrinary citrate indicate
rapid citrate utilization in the body, perhaps via the citrate cleavage enzyme recently
thought to he associated with lipogenesis (Ballard and Hanson 1967). The toxicity
of citrate injected intravenously has been long known (Salan and Wise 1916) and
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can be abolished by calciury salt injections (Krebs, Savlin, a.d Johnson 1937),
suggesting that citrate binds calcium ions, causing hyperirritability and, ultimately,
heart block. The present data indicate that eitrate injection causes rapid caleium
excretion without raizing urtuary magnesium levels. On the other hand, comparatively
high doses of intravenously injected trans-aconitate modify plasma calcium and
magnesium values only slghtly [Fig. 3(«)]; nor do these high doscs induce hypo-
magnesacmia but, like citrate injections, inerease the urinary ealeium level without
increasing that of magnesium (Fig. 4; Table 3).

Tolerance of the sheep towards trans-aconitate was so great that, despite
the short duration of these experiments, it is highly unlikely that trans-aconitate, by
itself, could be a major factor inducing hypomagnesaemia or lethal metabolic
inhibition in sheep.
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CRGANT L ACIVT AND GRAST TETANY (1)
Tart One

by

F. Lomba, G, Cheuvaux ené V, ienfet (2)

General Introduction

A dron in blood magnesium is generally produced during the
passage of cows from their winter diet to the rapidly growing
grass of spring, especially if there has been intensive use of
nitrogen (Bartlett et al. 1954 - Ender, Disnington and Helgebo-
stad 1957), and mare esvecially of nitrogen and potassium (Kemp
1962 - Smyth, Conway and Walsh 1958 - IHvidsten et al. 1959). In
order to exvlain this hypomagnesemia, the blame has been placed,
among other things, on the botanic composition of the;xauie ('t Hart
1960), the mineral comrosition of the spring grass (Kemn and 't Hart
1957), or even on the low digestibility of the magnesium which it
contains (Kemp 1962 - Rook and Storry 1962 - Dishington 1964 -

Care et al., 1967)., If the study of all t.ese factors has been
able to lead to the establishment of excellent preventive measures,
recently well defined by Burne and Allcroft (1967), it still re-
mains that, desnite the works of numerous researchers, cited by
Liegeois and Derivaux (1962), the alterations of the magnesiun of
the animals are insufficiently understood. iowever, we think that
they must be imnortant, whether it is cresteit in the runen of the
conditions (pH, comnlexive substances...) which the blood nagne-
cium flees from to the content of the rumen or where it is reteined,
whether there is, under tae effect of s»ring grass, significant
digestive elimination of the endogenic megnesiun, or whether there
is chelation of the blood magnesium by substances capable of pass-
ing from the rumen into the blocd.

The resesrgh which we have been concducting has always ained
at realizing conditions in agreement with these concentions, Thus
we have administered an excess of —roteins or even amino acids, cf
different salts, or pomes... In certain cases we have arrived at
deternining sudden hypomagnesenias, but the results vere too in-
constant or of too short duration to be of sny significance,

1 Works subsidized by the Institute for tae Encouragement of
Scientific Research irn Industry and Agriculture, 6 rue dée Creyer,
Brussels,

2 Chair of Pathology 4nd Medical Clinice, Faculty of Veterinary
liedicine, Brussels-Cureghen,
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It is at this stage of our investigations that we have re-
ceived word of observaiions :ade by the Anerican researchers Stout
and Bursau (1965 e:1d 1947) and Bohman (mersonsl comnunication).
They imnediately seemed to us to be worthy of interest, In effect,
Burau end Stout (1965), studying the commosition of tetany prairie
grasses of California, discovered that organic acids could attain !
very elevated volume in the rlaats of these vrairies, In certein *
cases they found up to 3% trans-aconitic acid in the dry natter,
The rresence of this acidé itself is survrising, for it is its
isomer, cis-aconitic acid, which one exvects to find in these
plants: it is the latter which is associated with aconitase in the
citrate —- isocitrate transformation of tricarboxylic acid (Conn
and Stumpf 1964)., Burau and Stout, »ursuing their investigations,
soon formulated the hypothesis (Burau and Stout 1965 - Stout, Brcw-
nell and Burau 1967) thet these organic acids could contribute to
the development of grass tetany, Starting from this hypothesis,
Bohman (personal communication), of the University of Nevada,
provoked the appearance of disturbances or deaths which he com-
pared to those of a case of tetany, In order to do this, he ad-
ministered to cows, in a single oral dose, 500 g of an organic
acid —- citric or trans-aconitic —- and 500 g of potassium chloride.
The absence of data on the evolution of calcemias and magnesemias
of cows thus treated is to be regretted in these experiments.
Nonetheless, these works were of very high interest and it seemed
important to us to confirm them, esnecially as other researchers,
in England in the United States, have already found that organic
acids can influence magnesemia. This is the case with Burt and
Thomas (1961), who obtained a significant decrease in the blood
magnesium and phosphorus by feeding heifers on diets containing
1% citric acid, It is too bad, however, that in a too brief de-
scription of the ration, they do not give its mineral composition,
and neglect certain imvortant clements, such as the level of pro-
teins, For their part, Camp and Dollahite (1967) attribute to
the introduction of trans-aconitic acid into the rations the power
of lowering magnesemia in the sheep,

The investigations which we have since undertaken had as a
goal the specification of the possible manner of action of the
organic acids: their persistance in the rumen, their pascage from
the rumen to the blood, at what rate and under what form, Were
they revealed to be capable or not of inducing hyromagnesemia and
possibly hypocelcenia, and could they thus intervene in the de-
termination of grass tetany? In order to attemnt to specify the
disturbances described by Bohmen, we attemnted to revroduce them
with the helv of mixtures of organic acids and notassium chloride,
Finally it was necessary to see wnhether our s»ring grasses contain
guantities of these orgenic acids as high as those of the cali-
fornian grasses,

Our activity was thus divided as follows:

1, Using rabbits, we tested whether and in what way the
organic acids influenced plasiatic calcium and mag-
negium, This is the subjiect of this first nart.

2. From 4/14/1967 to 5/19/67, we studied the acid content
of our spring grasses on 8 farms where numerous cases
of tetany had avpeared in vreceding years. The results

. of this inquest will be »ublisnhed in a2 second nart.
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3, Je stucdied iiet vhich occurs in cows recelving signi-
Ticent emounts of citric acid or trans-zconitic acid
“nd motas iun chloride in = single dose directly in the
mimen, The third nzrt will be devoted to the resu.is
this obtrined

4, Fipellr, we anr‘n;stcrwﬁ thicce acids seversl times
furins rolon~cd ~eriods to cows, in order to see whether
or ot ther induced ayronernesenie or hymocalcenia,
In the fourth ~ert, we sgtudy the effects of such ad-
micirtration,

EFFLCTs It 7 BADSIT

The wreoent work fives the essentisl observations which we
were able to melie uron continuelly nerfusing trens-aconitic acid
iatravenouriv t0 rabbits. Ve commered thie action to that of
oxalic end citric acid, wvhich are better nown in biclogy (Shelling
andé Has lov, 19L8 Vatts 1956 and 1959. Safran and Deastedt 1951,
Iwatra and Yera 1965) an¢ to thet of fyruvic acid, the conplexive
power of whlch is betiser known (Jeuman and Jeuman 1958), as well
2s its production anéd arrivel in the runen (Ven Der Horst 1965).

Haterials and lMethods

Perfusion:
Realized with the 3rown nerfusor, the flow of which is resu-
lated by injection 0,5 nl of solution ver minute,

Procducts injected:

One single attemnt was made with a simvle solution of acid
in water,

A1l the o+her solutions were »renared with a pH of 7.3 with
sodium before dilution and utilization,
Thus we studied:

pyruvic acid at 2.5 and 10%

trans-aconitic acid et 1,5 and 10,

citric acid at 2 ané 5%

oxalic acid at 0.5 and 2%

2 mixtures of acids, A and 3

ilixtures A and B reproduce the vrovortiong of orgenic acids
in our grasses, which contain at most:

in rnvel in mval
fumaric acid 9.09 trens-aconitic acid 21.95
succinic acid 9,07 malic acid 59.54
malonic acid 10,61 citric eciéd 47.59
oxalic acid 2.60

Since we did not have enough melonic acid, we replaced it
in mixture A with 9,01 mval of oxelid acid, =nd in nixture 3
with 9,79 mval of trars-aconitic acid,
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Menner ané time of withdrawal of blood samvles

The bloo¢ was withdrawn:
-= partly from the vein of the ear, a2t the berinning of
each exmeriment before comnencing the merfusion on the
elready stiached rabhit,

-— nartly at the endé of each exmeriment, this end being
e_ther the death of the animsl -- and in this case the
vlood was rumned directly from the heart -- or decided
becanse the volume injected (see tasle I) beca:e too
great and produced not the least disturbance.

The withérawal was made with a heparinated syringe. The
blood was immediately tranferred without contact with the air,
under licuid rarafiin, into centrifuging tubes, so thet all
gaseous exchange with the 2ir was avoicded, an exchange which would
cause mocdifications of the pH 2nd thus of the equilibrium among
the verious forms of calcium =224 nagnesium (Laviette 1937 -
Ludwig et al, 1942), After centrifugsing 2t atmospheric tempera-
ture, the plasma was aspirated =nd conserved under paraffin (Breen
and Freeman 1961 - Carlstrom 1955 - Munday and lahy 1964),

Measurement of the W iracentrifugable fraction of calcium and mag-
nesium

The works of Van 't Klooster (1967) and of Tudwig et al
(1942), Canutin et al (1942), allow for the confusing of the
ultracentrifugable fraction with the ultrafiltrable fraction,

The dosage of proteins is necessary in order to establish the exact
vercentage of the ultrafiltravle fraction, since the celeium =nd
magnesium are given in concentration in the nlasmatic water, It
is done according to the method of Munday and Mahy (1964)., ©he
quantity of nlasmatic water i given by the formula of iiacLean and
Hestings (1535)

99-0.75.TF

100

in which A is the percentage of vlasmotiic water and ¥ the con-
centration in g/100 of roteins,
Thus
C rlasma = A,C ultrafiltrable

where C plasma is the concentretion in the rlasna and C ultra-
filtrable the concentration in the ultrefiltrate,.

Ultracentrifugsation -

We centrifuge at 60,000 turns ner minute (25,000 g) for
6 hours under paraffin in an Internation ultracentrifuge, model
B 60, with angular can at 109C, the temmeraiure not having
influence between 5.50°C and 30°C on the ultratiltrable fraction
(Breen and Freeman 1961),

Dosage of calecium and magnesiunm

By means of spectrophotometry of =ztomic absor~tion Perkin-
Elmer, model 303, according to the methods desecribed LYy Willis
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| tcide tntecre nfectée nval/l de nlas~a irourcentare ultrafiitrabde Mort | Convulsicns |
i ‘ Nn?/;p a R ot B A i 18 v B ;
) avanr Tarrre Tavant lantes  lavAant Apres tavant  [apres
Fyruvicue i i |
5,07 60,74 24,00 3,70 | 1,15 | 2,11 - - - - - -
2, 13,99 10,20 6,60 12,97 | 2,23 Le4,7 78,1 | 73,9 | an,1 - -
2, 29,70 14,30 6,45 | 1,00 | 1,31 - 71,6 | - a6,8 - -
10,07 33,74 23,08 6,41 [ 1,76 | 1,9 - 76| - 87,7 - -
1n,00 44,03 24,12 £,78 | 1,68 | 1,09 55,5 | 91,2 | 44,7 | e0,0 . .
trans acenitique i ! 5
i, 64,45 17,40 6,06 . 9,68 15,36 | 3,85 - - - - - -
5,07 78,0 22,75 6,19 ) 5,79 | 4,37 | 3,55 - - - - - -
10,07 110,74 £0,P3 4,49 5,49 3,68 6,31 - - - - + -
5,07 18,61 6,29 15,20 [2,70 | 2,40 [67,9 75,2 | 6n,3 | an,1 - -
<, om 24,90 24,09 5,19 | &,00 L1727 (112 - 72,0 | - 89,7 - -
s, 0" 14,0 6,36 3,52 | 7,91 P20 | 4,52 - 69,0 | - 42,7 - -
10,01 159,40 8,07 6,49 | 7,58 | 2,05 § 2,16 | 76,1 | AR,& | 78,4 | 6.7 . .
Clrricue
5,07 12,3 18,7 6,7% |12,02 | 3,55 | 5,66 - - - - . .
5,07 47,9 15,8 8,00 110,96 | 5,51 | 6,04 - - - - + +
5.0m ©,29 6,15 5,79 [ 7,00 11,43 | 2,23 1 72,7 | 86,4 | 51,7 | 6m,0 . .
PN 10,07 9,15 6,01 | 7,41 [ 2,31 [ 3,31 | 68,3 | 86,2 | 5.0 | 7304 + .
5,0 5,73 4,24 5046 | 5,76 12,14 | 3,37 | 62,5 | Ao, | 48,2 | 6a.8 + N
5,07 11,12 6,70 6,14 [ 7,01 [ 1,31 [ 1,9 | 59,6 | 89,3 | 65,6 | 75.7 - 1
Oxalicue
0,57 2,58 1,45 6,19 | 0,80 | 1,45 | 1,74 | 69,7 | 71,9 | 78,9 | 79,2 + .
2,07 3,20 1,55 5,61 | 1,35 [ 1,9 | 2,69 | 75,6 | 0,0 | 72,8 | 80.4 . .
2,07 2,73 2,31 6,79 | 0,50 (2,50 7,28 | 69,5 | 91,0 | s2u4 | 2306 ‘ -
Mélarge A
10,n" 57,94 47,88 6,69 | s,64 [ 4,49 | 5,36 | 71,0 | 93,7 | 57,5 | 82,0 . .
10,07 55,39 37,17 4,19 | 4,39 | 3,45 | 5,52 | 86,1 |100 52,8 | 68,9 . N
Mélange B
10,05 50,62 6,3¢ | 9,20 | 2,53 | 3,00 | 69,6 | 7,2 | 71,7 | A3, - -

10,07 91,0 56,17 - 8,75 | - 2,55 - Rlyh | - 76,1 + +
Key: o 6 C.= mval/L of vlesma
.= acid injected 3.,= amoint injected C,= nmva _hLesr

: \ : - Aan T = cov sions
D.= ultrafiltravle nercentage ZE.= death F,= convulsio
2.= before b,= after

1.
2e
3
4.
5e
€o=

]

nyruvic
trans=aconitic
citrie

oxalic
nixture A
mixture 3




\Lotla, 1701) “or the erle’vn, 2@ by Jillis (197 :0b), Dawson and
Heoton (1901) snd Stewert et ol. (JDC') for the nm vlehium.

eruite fid clccusscion

"he intitel celee deo, vaich reace from 3,19 to S.,08 nvel/L
vith en avers:e of 5.82 mval/L, sre comparable to those measured
by Sheilin: =20 llaslow (1928), Tole et =l (1L¢44), Safran and
Denstedt (i 951 ): fro: 5,19 to $.8 avel/L, with ez average of
Te4 .JV"l/I..

The megresedar, vhich very betveen 1,01 and 5,51 nval/L
vith an averare of 2,58 nval/l arec in aenerel more elevated than
those which Tunkel et £1 (1647) ;:vp- from 1,66 to 2,40 mval/L
with an averare of 1,98 mvel/l, or than thosé which we ourselves

obtained in 2 large nunoef of rabbits: from 1,22 to 3.35 mvel/L
with an average of 72, 4 mvel /1, Yovéver, vaere is no significa-
tive difference (t = 0,546) betreer these two crouns oi results,

Toxicity of injected acid

From this ~oint of vier there exict creet cifferences betwecr
the acids used, These differences are due =t once to the quantlty
expressed in mval/gg of live weignit, necessary to Alll and the
rapidity with which death occurs., On the otner heor each time
that it was »roduced, death was nreceded by the sgme nmxifestap
tions: after a very °hort or longer celay, according to the
acid, its concentrﬂtlo‘ 20 even the sveed of the injection, we
“otea the appearance of convulsioas, death folloving after an
equally shorter or longer intervel,

In table II, we reproduce the lethsal guantities, the interval
between the oeglnalng of the werfusion ond the first appearance
of the convulsions and finallwy the tinme vhich hes nagzed between
this moment and death.

Table II
A. B. c. D.

Acide mval/ky de poids Arparition de bDurée de la pér-
vif nécessaire convulsions iode des convul-
pour tuer apres ( en min) sions ( en min )

l o | Oxalique
0,57 1,45 d 44
27 2,31 2 6
2. Citrique
2% 6,15 - 9,15 60 30 :
51 4,24 15 10 |
57 (injection lente) 6,70 ’ 60 . 60 H
3 Trans aconltique
® | 107 60,80 160 3
107 88,70 35 54
4. Pyruvique
102 24,32 60 n

Key:

A.= acid B.= mvel/kg of live weight necessary to 1-:i11
Ce= anpearance of the convu1s1on after (1n mlr)

De= duration of the period of corvulsions (in min)

l.= oxalic 2.,= citric 3.= trans-zaconitic 4,= ~yruvic
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fiixture A, which is the one which contains the most
oxelic acid, kills at 27 and 47 nval/kg, while mixture 3, wihere
the oxalic acid is reslaced by trans-asconitic acid, only kills
with about 60 nvel/lg,

A cleseificetion of these acids, in decreasing order of
toxiecity, puts oxsiic scid in Tirst nlace., In order to obtain
the same result, one needs azbout three times as much citric acid,
eleven times »yruvie acid, and thirty tines as much trans-aconitic
acid.

Here we observe a first ancd imnortant difference hetween
trans-aconitic acid on the one hand and citric and oxelic acid
on the other: in comrarison with these latter, trans-aconitic
acid is only very slishtly toxic, Teble II also shows that the
concentration and sveed of the injection of the acid nlay an
important role:

-— 2% oxalic acid kille in 8 minutes, while it took 52
minutes for 0.5% oxelic acid, It is true that in this
case, the smount nerfused is less,

—— 5% citric acid in 2 slow ianjection, at a dose of 6,7
mval/kg kills in 120 minutes, while in a 5% solution,
in a more repid injection, it kills at a dose of 4.24
mval/kg and in 25 minutes,

-- In a 2 solution, the rabbit toleretes asg much as
9,15 nval/lg and takes 90 minutes to die,

Action on the ions
2. On the total calcium

Oxelie acid causes a nearly conrlete disawrearance of the
calciunm,

Citric and trans-aconitic acid, on the contrary, increase
calcenias, citric acid significantly (p<0.05) and trans-aconitic
acid less so (p<0.1l).

Pyruvic acid does not modify the calcium significently

b, On the total magnesium

The only significant modification obitained is with citric
acid, which has the effect of increasing the totel magnesium
(p‘0.0l).

Uxalic acid z2lso increases magnesenias, but insignificantly
so, while trens-aconitic acid and pyruvic acid do not nodify the
total magnesium,

Cce On the ultracentrifugable fraction of tnese ions

On this level also we observe imvortant divergences in the
action of the acids., If we first study then-rcentage of the
ultrafiltrable in relation to the total, we observe thet oxalic
acid does not significently modify the nercentage of diffusible
calcium; transwaconitic acid increases it, but not significantly
(p<10.23, while pyruvic acid and citric acid especially increase
it significantly: p<0,05 and p<0,02.

As concerns the vercentage of diffusible magnesium in re-
lation to the total magnesium, only citric acid increases it
in 2 significant fashion (p<0,01), while it is not significantly
modified by the other acids,
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Tovwever, the @l ncidle colceium end magnesium are iore
moridied then oo

enrs Trom the sgtudy of “ne rercenteges, =g is

santty i toodle 10T,
e le 101 :
A BANAU 2
e Je -
p— PRI S
heide Concentration en ultracentrifupable en nval /L
S Caicium b 3 Hagnesium b
] 'y A .

infect? Avant Aprés Avant Aprés
l. Pyruvique 2,57 4,79 5,04 1,R4 1,88
107 3,34 6,1 0,64 1,R6

? Trans acenitique
- 5% 4,49 4,64 1,94 2,01
5% - 4,59 - 1,05
5% - 4,29 - 2,02
107 5,19 6,99 1,69 1,03

-r

Citrique 2% 4,42 6,36 0,78 1,60
de 27 4,39 6,71 1,41 2,56
52 3,59 5,39 1,11 2,42
sz 3,83 6,54 0,90 1,55
4, | oxalique 0,57 4,59 0,60 1,22 1,45
22 4,47 0,42 1,50 2,27
27 4,89 0,47 1,72 1,80

A.= acid injected 3.= concentretion in ultracentrifugeable in mvel/L

a.= before b.= after
l.= »yruvic

2.= trans-aconitic
Ze= cltric

d.= oxaelic

With the excention of oxelic acid, which significently ce-
creases it, the acids increese the concentration of ultra-
centrifugable calcium in 2 significent fashion., In the same way
they significently increase the diffusible magnesium. .Je were
unaple to apnraise the action of trans-sconitic acid in this re-
spect.

d., On the fraction bound to rroteins
The results are collected in table IV,

A Teble IV =
» Y
Acide © Quantité 1iée aux pretéines en mval / L de plasma
&, Calcium b’ 8., Hapgnesium b.
Avant Aprés Avant Aprés
l Pyruvique
% 2,5% 2,48 1,41 0,62 0,45
10% 2,02 1,49 0,82 0,17
2‘ Trans aconitique
52 1,56 0,85 0,86 0,48
10%Z 1,50 1,07 0,45 1,15
3. Citrique
22 2,01 1,30 0,71 0,70
27 2,05 0,60 0,98 0,89
52 2,50 0,70 1,09 1,06
5% 2,50 0,70 0,46 0,48
4. Oxalique
0,52 1,80 0,30 0,31 0,37
27 , 1,37 0,90 0,54 0,53
2z 2,14 0,05 0,95 5,57
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A.= acid T,= nount bornd to “roteins in mvel/L of nlasna
o= Oefore L,= aiter

« = NTYUVIC

= trexg-aco.itic

= citric

«= OXalic

In the case of calciun, the fraction bound to proteins is
reduced with all the rcids, but es~ecially with citric and
oxalic, This once arain cistinpuiscshes trans-azconitic acid fron
citric and oxelic acid.

For the marmesinn, ve obtained no significant modification
of the fraction hound %o »roteins., On the other hand, we do
not sufficiently understrnd the 5,57 obtained with 2% oxalic
acid,

R e R Rk
The modifications censed by the acids studied of blood

calcium and magnesium, ¢ well as the fractions bound to proteins
and the ultracentrifuganle fractions, are shown in table V.

P
Table V
Calciun Mapnésium l
Total : Acide Total
. . . ~
§ Protein bound Diffusible Protein bound Diffusitilc
i
: + o +" Oxalique h + +
H i
i N e +* Citrique ot " t
! ‘- " +* Tr. Aconitique - - s
! + = 4" Pyruvique e - t
!
: T . .
trés hautement sipnificacif ) + augmentation
e hioterent significatif 4 dimfnution
* slgnificatif

Xey:
*#%% yvery highly significant
*¥% highly significant
* significant

This table shows that:

1. The calcium is more rz+idly libersted by the rroteine then
the magnesium,

2, The action on the calcemia, whether it is a ocuestion of in-
crease or decrease, is more merked than that exercised on nagnese-
pig, citric acid being the only one to increase sisnificantly

the toal plasmatic meagnesium,

3. From the point of viewv of intensity of action, trans-aco.itic
action, like pyruvic acid, is clearly distinguished fronm oxalic



acid and citric acid.

Conclusions

In the rrecise objective which is ours, that of studying
the deternineiion of hynomegnesemis, none of these acids seems to
be able to be retained: excent for the case of oxelic acid, there
is in the rabbit no relation bhetween the totel ovlood levels or
ultrafiltreble levels of celcium end mesnesium, and the determina-
tion of death or the convuleslive naenonena which precede it.

Oxalic acid, very toxic, certeinly causes the nearly couplete
¢isanpearance of calcium, hut it increases the magnesium on the
other hand,

—— Citric acid influences neither the celciuwm nor the magne-
sium in the manner hored.

—— Prans-aconitic acid, less toxic to e sure, is also
" ess active on the slkaline-earth of the blood, which it
elsewhere increaces.

—— The szme igs true of nyruvic acid,

These preliminery exveriments do however erase much of the
possible interest in organic acids in the study of the determina-
tion of hypomegnesemial tetany.

Summary

The authors studied the action of several organic acids in
the rabbit, naying perticuler sttention to the modifications of
calcium and magnesium, Trans-aconitic acid was showm to be very
different from citric acid, snd esnecially from oxelic acid,.
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Colorin

ctric Detorinination of Aconitic Ac

tn Sorgo

Willion L. Poc and Ben FFL Barrentine

I rapid color o trie methaed For the determintion
of aconitic acid i sorso juice, the acid iy eatracted
from clariiied starch-free juice with 2-butanene alter
lowering the juice pH o to 130 One extraction re-
moves V977 of the aconive acid. Other organic

avid

found in sorgo juice in amounts ranging from

0.2 10 1O, Its presence is reported 1o give the
characteristic bitter taste of sorgo molusses. Howeaver,
aconitic acid, in the quantitics found in sergo. will prevent
the formation of crystaltine sugar. The acid can be re-
moved from the juice by the addition of lime and calcium
chloride, producing calcium aconitate which cun be re-
moved by centrifugation.  However, a surplus of calcium
chloride will prevent the crystallization of sucrose. A
rapid quantitative method was therefore needed for the
detcrmination of aconitic acid, to enhance crystallizution
of sucrose from sorgo.

Several methods for the determination of aconitic
acid have been reported, most of which are time-consuming
and plagued with interferences. Mader and Webster
(1954) described a system for measuring the organic acids
of sirup by partition chromatography. Ambler and
Roberts (19474, b, ¢) produced a decarboxylation method
using potassivim acetate acetic acid solution; many organic
and inorganic substances interfere. A quantitalive ex-
traction with cthyl ether, used by McCalip and Seibert
(1941), is too time-constiming to be practical.

Regna and Brains (1956) described a method for the
extraction of aconitic acid lrom molasses by using 2-
butanone. They reported 93% recovery of the acid by
using six extraction cycles in a three-stage unit. Final
analysis was by the decarboxylation mettfod of Ambler
and Roberts (1947a).  Taylor (1919) developed a qualita-
tive test for aconitic acid by adding acetic anhydride and
heating. The red color formed was unstable, finally
turning brown. :

This paper describes a method for extraction of aconitic
acid from sorgo juice and a rapid method for measurement
of the concentration. i

conitic (1,2 3-propenetricarbosydic  acid) s

MATERIALS

Swmples of sorge juices were obtained from Otto
Coleman, Sugar Crops Field Station, USID.AL, Meridian,
Miss. The varieties received were Rio, Wiley, Hodo,
Sart, Brandes, and Mn 1056.

Department of Agricultural Chemistry, Mississippi Apri-
cultural Experiment Station, State College, Miss. 39762

/

acids, at the level found in sorgo juice, do not inter-
fere with color development.  Acetic anhydride and
pyridine, when added to an aliquot of the 2-butanone
layer, produce a purple color which is read on a
spectrophotometer at 550 mu.

Reagents used were acetic anhydride (99 (o 1005,
LCastman  Organic Chemicals;  2-butanone, Matheson,
Colemun and Bell; pyridine, 1. T. Baker, reagent grade;
and e¢is- and rrans-aconitic acid, reagent grade, K & K
Laboratories, Plainview, N. Y.

METIHOD

Separaticn of Aconitic Acid from Sorgo Juice.  Approx-
imaely 100 ml. of juice was centrifuged to separate the
starch. The starch-free juice was shaken with Celite
fiter aid and fillered with suction. The clarified juice,
which has a pH of 5.0 to 5.5, was lowered to pH 1.3 with
sulfuric acid solution to furnish cations to convert aconi-
tates to aconitic acid. Ten milliliters of the juice was
shaken 4 minutes with 20 ml. of 2-butanone in a centrifuge
tube and centrifuged 1 minute to separate the layers.

Color Development.  An aliquot of the 2-butanone
layer (0.1 or 0.2 ml. is usually sufficient for sorgo juices)
was evaporated to dryness using a steam bath and a stream
of uir. Ten milliliters of acetic anhydride and 0.01 mi. of
pyridine were added. The sample was mixed and after
45 minutes color was read on a Coleman Model 14 spectro-
photometer at 550 mu.

Standard Aconitic Acid Curve. Solutions of rrans-
aconitic acid were prepared in acetic anhydride o produce
final concentrations ranging from 2 1o 20 pg. per ml in
a volume of 10 ml.  Pyridine (0.01 ml.) was added and the
solution mixed and read after 45 minutes on the spectro-
photometer at 550 mu.  Concentration cs. absorbince was
plotted 1o give a straight line, accurate between 4 and 20
pg. perml,

RESULTS AND DISCUSSION

Prior to the extraction of aconitic acid from sorgo juice,
separate water solutions of aconitic, tartaric, citric, and
1-malic acids were extracted with  2-butanone.  The
2-butanone layer was evaporated o dryness and titrated
with NaOH, using pheno! red indicator.  One extraction
with 2-butanone removed 8072 of the aconitic, 2897 of the
1-malic, 2397 of the ditric, and 1697 of the tartaric acid,
This extraction was repeated using the described color-
imetric method Tor quemtitation.  Tartaric and  T-mudie
acid gave clear solutions v ith acetic anhydride and pyridine,
while citric acid gave a light pink color only when the
concentration was at least ten times the level of that found
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in sorpo juice.  The onis compound found which seeins (o
interfere with the color devclopment owater,

When the pyridine is added 1o the aeetie anliydride
containing sconitic acid, the «olution turns yelow. After
S minutes the color becomes red, chanaing to purple alter
30 minutes.  Nincts mincies after the pyridine s added,
the absorbance slowly decreises.,

The extraction of aconitic acid froma 207 suerose soli-
tion gave an B4 recovery.  Higher concentrations of
sucrose did not increase extractability. The recovery of
added mrans-aconitic acid from Wiley sorgo juice with o
single 2-butanone svtrection is~hown in Table Lo Averige
recovery was 9997, more than the amount recovered from
wiler OF waler-sucrane solution.. A possible explimation
is that the soluble constituents i the juice in addition to
Suguré cavse the partition coeflicient to Tavor the 2-butu-
none layer o a greater degree. Mader and Webster (1954)
reported that aconitic, tartaric, citric, and l-malic acids
account for 949 of the organic acids in rorge juice. Of
these four, only aconitic will produce a color at the con-
centrations found in sorgo juice.

The ratio of the volwne of 2-butanone to the volume
of juice was varied, with little ditference in the amount
of aconitic acid extracted. A 2to 1 ratio of 2-butanone to
juice was chosen because of convenience and because
their mutual solubility gave lesser phase volume change.

If the pH of the juice is not lowered, no aconitic acid
is extracted from the varieties tested by this procedure.
This indicates the presence of soluble sodium and potus-
sium aconitates, with no free aconitic acid in the juice.
This is contrary to the report of Ventre ef «f. (1946), who
report the presence of free aconitic acid.

The aconitic acid contenis of Sart, Rio, Mn 1056,
Brandes, Hodo, and Wiley varieties were 3.1, 7.2, 2.5, 4.5,
2.0, and 3.1 mg. per ml. of juice, respectively.

No attempt was made to determine whether the acid
was cis- or frans-aconitic. Both acids develop similir
colors in acetic anhydride and pyridine; therefore, the re-
sults here show total aconitic acid. Figure 1 shows the
visible spectra for cis- and frans-aconitic acid and a spec-
trum for the color developed in a sample of sorgo juice.
Of the two aconitale isomers, Stout ef al. (1967) report
that cis-aconitate was low in all species or range forages,
whereas the trans-aconitate level was as high as 677 (dry
basis) in some forazes.

Ventre ef al. (1944) patented & method for separation of
caleium aconitate as a by-product in the manuflacture of
sugar from sorgo.  Later they (1946) removed 82797 ol the

Tabic I.  Recovery of Aconitic Acid from Wiley Sorgo

Aconitic Acid, Mg./ML Juice Recovery,
Added Found e
0 3.13
1.0 4.10 97
2.0 5.08 98
3.0 6.09 99
4.0 ’ 7.0t Y7
5.0 8.15 100
6.0 9.12 100
8.0 11.40 . 103
10.0 13.05 99
12.0 15.10 100
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Figure 1. Visible spectra
Aconitic acid extracted from sorgo juice

cis-Aconitic acid
trans-Aconitic acid

SIS

aconitic acid from sorgo juice by the addition of lime uml
calcium chioride. The removal of this amount shouid be
sufficient 1o allow sugar to crystallize. By use of the acetic
anhydride-pyridine rapid colorimetric method, it is now
possibte to ascertain the proper quantity of lime and ul-
cium chloride necessury for the removal of aconitates from
sorgo. This would allow sucrose to crystallize withou
interference of aconitic acid and excess calcium chloride.
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The Toxicity of Equisetum
Winnia i Raere, Jr.

Recently the American IFern Journal pubtished two
Jiort nofes dealing with the toxie effeed of Fguisctunton
horses, The first, by Rane (1919 08) was am exeerpt
From o Jetter whicl had bees published in The N York
Thnes. This paper saeeested that the biah siliea con-
tent of Eegurise o cansed Cseours™ i horsrs. The see-
ond, by Gasser (1010 123) ealld attention to the fact
that Eoguivdfum contained o toxie alkalond and sugeested
that this was the caal aeent for the pobsonous effeet.

The poisonous nature of the various speeies of Lqui-
s f1om has heen known for a Jong tine, @t least to Euro-
pean workers.  Frohuer (1927: 342) gives an excellent

review of the status of Fquiselrm polsoning in Europe.

The first acconnts of Equdsehon poisoning in the United
States were nunde by Do AL Rich, a veterinarian at
the Vermont Aericultural Experimental Qration. In
1902 Rich published two papers (1902 and 1902b) which
are identical except that they appeared in different
journals. Rich and Jones (1902) also published wn ex-
perimental station bullztin on the same suhject. in which
they stated : < This plant, Equisctunt arvense, canses much
and frequently fatal poisoning of hiorses throughent Ver-
mont.”” Rich (in Rich and Jones 150Z: 1n8) states:
“Puring the past two years onc of the authors in his
professional work about Durlington [Vermont; has had
twenty-three cases unquestionably due to this ferm of
poisouing, while his records show forty-one cases which
he has attended within five years. As a result of the
amount of Equisctum poisoning among the bhorses of
Vermont, Rich undertook a scrics of experinients in
which lie fed horses on Egquisctum. Asa résult of these
experiments, Rich (1002a: 947) desceribed the syrap-
toms: ““Loss of coordination of muscular movement, Le-
ginning as a slight uusteadiness or uncertainty of wait,
most marked when excited.””  On paze 949, Nieh states:
““The horse finally dies from exhaustion induced by
trauma and frequent attempts to rise.”’

AMuenscher (1039: 27) gives the following sympions

)y

for Equisetum poisoning: At first, unthirifiness and
loss of weight, followed by a loss of nunusele emitral
—sways and stazgers, loses power to stund and boeomes
very nervous and strugeles violently to et up; wiiling

v

to eat, but unable to rise; dies from exhaustion.”” The
following pathological symptoms ocenr at 1he sutae thme:
“pulse becomes slow until toward the end, when it is
rapid and weik; temperature below normal nutil ani-
mal gocs down; then some fever develops, exiremitics
are usually cold; visible lining nmembranes ol outh,
nose and eves become pale.”’

ToxiciTy oF FQUISETUM 149
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-

(Irtered on July 24, 1938)

In en ecrlicr revort, Simoles, Lorusius sad Alspeuso renorted
on exrerinents, in which an intense increase in the citric zcid
velues in the urine, deternined by the colorimetric pentabroro-
acetone method, wee found ofter the ecninigtrotion of prruvice

acid, w=retosluteric ecid, succinic acid, fumeric acid, malic

acid, f-hycroxybutryric ecid ancd acetoacetic acic, In the follow-
ing are reported the recults of a more thorourhroing series of
experiments, in which we tested the effect of a series of sli-hotic
carbonic acids, which noscess more or less theoreticel interes

with regard to the mechanicm of citric acid fornmation.

For experimental anincls in these investigations we employed
full-grown rats, to which the substances to be tested were adnin-
istered orzlly as soldium salts in molzcular wroportion., The
amount of the substances zlways corrvesnonded to 60 mg sodium per
100 g rat weight. Tor every exrerinent, two rets were ucuelly
used; the urine vhich they excreted in the courre of 24 hours
was collected., The citric ceid content of this collected urine
wes then cnalyzed accordéing to the pentabromoacetone method.

The substances tested were: pyruvic acid, pyruvic acicé =ldol,
x-zetoglutaric acid, oxelacetic acid, succinic acid, fumeric acid,
maleic acid, malic acid, sluteric acid, adipic acid, melonic aci?,
butyric acid, isobutyric acic, @-hycroxybutyric acid, crotonic
acié, citraconic acid, aconitic acld, ~lycolic acid and gluconic
acid,

The results of the exneriments ere ghovm in the annended
table, in which the content of the citric acid determined by nears
of the nentabromoacetone method is given bSoth in mg ver animal
for 24 hours and in ngie of the totel urine,

As is revealel by the table, the amounts ol citric zcid
excreted during 24 hours are higher after 21l the administered
scids than in the control experiment, where only rodiun carbonate
was administered., The amount of citric acid¢ excreted durins the
24 hours was highest after tie edministre ion of pyruvic acicd al-
dol and lutaric scid, lowest after luconic acid and adinic acid.
When the acids are arranged in decreasing order zsccording to
strength of efiect, the following is Zound: pyruvic scid =ldol,
glutaric acid, mslonic acié, succinic acid, fmeric acid, aconitic



ocid, oitreconi o rold, eoic, melic acicd, butyric acid,
glyeolic el y =" orlut: ", f=hycroxybutyric acid, meleic
ac ¢, nyruvic ecidd, icobutiric o¢, oxslacetic escid, gluconic
aclc end acivic noid,

lie i C.
1 Ausgienehie- ! Citronensiie
Nerabiciehih | dene Citro | gehall des
Subntang ensiure pron Saanmelbar

121 SUoin nm.: nes inonygg Y

— - . . e f - . e e e e ————
]?' Ohne jede Nerabacichung oo 1 0,8 16
2 e INatrinicathonat o oo 2.4 44
2. Brepzivaunbensinre o000, 1,6 200
o lirenztrauhensimreaddol o0 H7.0 450
5, p-Retophtandine oL 146 364
O e Ilernsteinsaure .. ... ... dnh 418
:2: o lumrsivee oo 3i.1 275
O Maleinsire .00 o000 o 137 210
Qe Apfelimee oo 17,3 287
i? o Oxulessipsiiure oo 8,6 216
.o Normalhultersaure ... ... 15,8 158
12, ilsobultersiiure oo a8 109
13. HL-Oxybollersaure oo 14,6 162
14. Crotonsiure ..o 00 ..., 18,6 133
é. Malonsiiure ..o oo oL 37,3 583
o !Glutarsiure (... . L. 518 1150
g. Adipinsiiure oo 5,0 200
o Cilraconsiure .............. 31,9 638
1S, |Aconitsiure .o 32,3 413
26. Glykolsiure . ............... 15,0 158
21, !Gluconsiaure ... L 7,9 71

leys
D

A.= administered substance 3,= citric acid excreteld in 24 1 in
C,= citric zcid corntent of the ftotel urine in nrb%,

)
]

vwithout any adninictrsiion

sodiw carboncte

nyruvic acid 4.= wrruvic celd aldol S5.=  =let
sucecinic acid T.= fuwaeric ccid 8.= meleic acl
Oe= nelic zcid 10,.= oxelacetic acic¢c 1l,= Hutyric acid
12.= isobutyric eci¢ 13.=B=hyiroxyoutyric acid

1N
.
1l

slutaric eacid

(&)
.
]

14.= crotonic acid 15.= :2lonic acid 16.= fluteric acid
7e= &Cipic acid 18.= citracouic acic 1S%.= cconitic acid

20e= glrcolic acid 21l.= gluconic acid

The order is diflerent when the acids are erra ed acceor-
ding to the percentage content of the citric azcid in the total
urise of 24 hours: gluteric acid, »rruvic acid oldol, citraconic
acic¢, malonic acid, cuccinic acid, aconitic 2cid, a=tetorslutaric
acid, pyruvic acid, nelic acicé, funnric ecid, oxelacetic acid,
neleic acid, adinic acid, B-hyiroxyvhutyric =cid, vutrric =2cié,
glycolic acid, crotonic =cic, isgovutyric scicd 20¢ rluconic acid,

Thus in both scwies the effect of —~wruvic a-id 2lcdol ond
glutaric acid is strongest, thet of gluconic acic wee esgt. T is
moreover renarkable that oxalacetic ecid, which causes an 1
increase in the citric acic¢ valnes in the :idneyc and testes
was founc¢ in in vivo exmreriments in this lavoratory, siiows a re-




;e rTiectd ‘P ra o hences btegthed henaved (ifferettls
oY ?fPVAD*“ e el dn Yhe fn vivo exmeriments from th

ot atres 1N the Tinowin

7 ients, ~hich were carried
tl Lol cons l;' with 011:" inve d

hicw will be

qucring of the resulvs ise
i'c criount of urine

o ey“ule variaions.
LDHLC veriations oi Iroi
oces are ebhsorbed from the
e:itfrtc which will horelfwdlly
; cvesent in nrogress; the
rr“eated cimulteneously, using
At the gzioe tine, 2 series

(. animels lrroer than rats

L oendinnle For the urmoce of control
h 4 centabrotoacetons method, the
fetemmcincsion ethod of Thunberg will elso

are oein~ used as
of the velues obteined
enzynetic citric a2cic
be used,

Finallsw, it shonld be neiioned i this connection that in
these exmerinents, bescicdes citric ecid fown“tiOD keto acid ex-
cretion was elso COﬂlefr(C. By oneens the usu~l 244 — dinitro-
phenylhydrazine reagent it wes ce ber“lﬂfC that keto q01d excretion
was clearly increased efter the sciinictration of all the sub-
stences named, with the exce-tion of butyric acid, isobutyric acic,
end clycolic acid. The effect of myruvic acic aldol and glutaric
acid seemed to be the strongest., The asture of the excreted
teto acids was not exanined more closely in 21l cases, In a por-
tion of the cases, there is a definite increace in the excretion
of a-ketoglutaric acid

delsinki, dJuly 19, 1938

liedicel=che:iccl Latoratory of the
University of Helesinki
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TRANS-ACONITIC. ACID AND THE MAGNESIUM
STATUS OF GUINEA PIGS AND SHEEP

By D. E,\WRIGHT* anp J. E.LWOLFF*

(Reeceived 2 January 1969)

ABSTRACT

Single oral doses of sodium trens-aconitate slightly reduced the
blood serum Mg levels of guinea pigs. but not of sheep. Feeding
guinea pigs on a diet containing 6.8% rrans-aconitate had little effect
on growth or on seri.1 Mg levels. Trans-aconitate reduced the
oxidation of citric acid-1.5-14C by liver homogenates. but did not reduce
the in vive oxidation of glucose-U-1*C or citric acid-1,5-4C to carbon
dioxide. It is concluded that rrans-aconitate is not a major factor in
determining the Mg concentration in serum, nor does it have a toxic
effect in vivo.

INTRODUCTION

Burau and Stout (1965) found high concentrations of rrans-
aconitic acid in several range grasses in California during early spring
and discussed the possibility that this acid may be partially responsible
for hypomagnesaemia. A role for tricarboxylic acids in influencing the
level of serum magnesium in calves has been reported by Burt and
Thomas (1961) who showed that feeding sodium citrate at the level
of 19 of the diet reduced serum magnesium from 2.11 to 1.86
mg/100 ml.

Burau and Stout (1965) point out that there may also be bio-
chemical consequences to animals ingesting large amounts of frans-
aconitic acid, since this acid is known to inhibit the citric acid cycle
enzyme aconitase (Saffran and Prado 1949). However, since this
inhibition was only demonstrated in vitro, it seemed desirable that the
action be tested in vivo.

This paper reports the results of experiments on the effect of
sodium frans-aconitate on serum magnesium levels and on the oxidation
of radioactive citric acid or glucose to carbon dioxide.

EXPERIMENTAL
Preparation of sodium trans-aconitute

Truns-aconitic acid was prepared by dehydrating citric acid with
concentrated H.SO, (Blatt 1944). The identity of the ucid was con-
firmed by infra-red spectroscopy, melting-point (195-200°C), paper
* Ruakura Agricultural Research Centre, Department of Agriculture, Private

Bag, Hamilton.

N.Z.H agric. Res. (1969), 12; 287-92
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chromatography. and high-voltuge electrophoresis (Gross 1956). The
acid was comverted to the sodium salt by neutralising an aqueous
solution of the acid o pH & with 3 N NaOFH.

Fxperiment 1: Effect of sodium trans-aconitate on ;nagnesium levels in
guined pig seritil

Male guinea pigs weighing between 360-490 g were divided into
two groups of seven with comparable serum Mg levels.  They were fed
on lucerne meal nuts containing 0.19¢, Mg on dry weight basis and
on fresh gruss.  The sodium sult of trans-aconitic acid was dosed orally
to one group at the rate of 3.4 mM/kg body weight, which corresponded
to a level of about 1.3% of acid in the dietary dry matter. Blood
samples were obtained hy cardiac puncture, at 2-3 hr before dosing,’
and 1-2 hr and 21 hr after dosing. The animals had access to water,
but food was withdrawn from 12 hr before dosing to 4 hr after dosing. .
At the end of one week the treated and control groups were interchanged
and the experiment repeated.

Experiment 2:  [fject of feeding a high level of dietary sodium trans-
aconitate to guinea pigs

Three male guinca pigs were fed on the above diet to which
was added 6.87. of sodium trans-aconitate. The animals were com-
pared with a control grovp of three animals for weight gain and
general health; and on slaughter (after 13 days) for serum Mg concen-
trations. The dict of the control group contained added NaHCOj,
so the Na content of the feed was the same for both groups.

Experiment 3: Effect of a single massive dose of trans-aconitate on
serunt magnesiim levels in sheep

Six hoggets weighing between 20-28 kg were fed on chaffed
meadow hay (Mg=0287, of dry weight). Blood samples were with-
drawn through polythene or teflon catheters inserted into the jugular
vein, at intervals of 4 hr between 9 a.m. and | a.m. daily. After the
first 5 p.m. blood sampling, 3 sheep were dosed by stomach tube with
0.29 M of sodium trans-aconitate, equivalent to 109, of the dietary dry
matter. The 3 control sheep received 0.87 M of NaHCO; to provide
an equivalence of sodium ions. After 48 hr the treatment of the two
groups was reversed,

Experiment 4: Formation of lubelled CO, from sodium citrate-1,5-11C

Guinea pig liver homogenates prepared in a KC1-KHCO, solution
(Umbreit. Burris, and Stauffer 1964) were incubated at 38°C in Warburg
flasks containing labeled substrate.  After the homogenates had been
killed with 10 N H,SO,, CO, was trapped on filter papers seaked in
209% (w/v) KOH.

Guinea pigs were injected intra-peritoncally with labelled sub-
strate and placed inside a” metabolic cage through which CO,-free air
was pumped.  The respired gas was dried by passing through concen-
trated H,SO,; and anhydrone (magnesium perchlorate) and the CO.
trapped in carbonate-free 3 N NaOH contained in weighed bubblers.
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The carbonate in solution was precipitated with BaCl, and the
BaCO; collected on filter paper dises.  Radioactivity in the BaCO,
was measured in u windowless gas-flow counter.  The counts, corrected
for background radiation and for sclf-absorption to infinite thinness,
are expressed as counts per minute,

Estimation of My

Serum wus diluted 100 x with 19 (w/v) HCl containing 1%,
(w/v) Sr and anulysed for Mg by atomic absorption spectroscopy
(Willis 1960).

RESULTS
Experiment 1

The cffect of dosing rrans-aconitite on the Mg levels in guinea pig
serum is shown in Table 1. The results show that, after correcting for
the variation in pre-dosing levels by covariance analysis, the serum
Mg was slightly lower in the treated group than in the control after 2 hr.
After 21 hr no difference was found between the two groups.

Experiment 2

Guinca pigs fed a diet containing 6.8 of trans-aconitate did not
show any ill effects after 13 days of feeding, their weight gain and
appearance being similar to those of the controls. Over the full experi-
mental period of 13 days the mean weight gain for the dosed group
was 28 g compuared with 34 g for the control animals. In the dosed
group there wus a weight loss in the first 2 days, possibly because the
high frans-aconitate content of the dict was unpalatable. Over the last
11 days the weight gain for the dosed animals averaged 44 g compared
with 34 g for the undosed animals. The serum Mg levels were similar
in both groups.

TABLE I—Effect of Dosing Guinea Pigs with 3.4 mM of Sodium
trans-aconitate/kg Body Weight on Serum Magnesium Levels

! F
Time - Control : Treated Control less Treated
after . | L - —_ -
Dosing T T
(br) mg Mg/100 ml Adjusted(1)
I 1
0 | 30 [2.96 +0.05+0.154 —
H |
! i
2 264 1 231 +0.33%0.161 +0.32£0.109(2)
i i
21 2.9] ‘ 2.83 +0.08 +0.197 +0.03£0.113

(1) adjusted by covariance analysis for pre-dosing level.
(2) p<0.05.
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Fig. 1--Elfect on serum magnesium of oral doses of sodium fruns-aconitate or
sodium bicarbonate.
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Fxperiment 3

The results of dosing the neutralised acid to sheep are shown in
Fig. 1. No differences were found in the serum Mg levels at any of the
sampling periods,

lxperiment F

The in vitro toxic action of trans-aconitate on citric acid cycle
activity was demonstrated by adding sodium citrate-1,5-12C (0.013,..N)
to a guinea pig liver homogenate in the presence or absence of tranis-
aconitate. The total counts added to 2.0 ml of homogenate were
248,000 c.p.m. After 30 min at 38°¢, the radioactivity in the CO.
from the control sample was 100.000 c.p.m. compared with 41,000
cpm.oand 16000 cp.m. respectively when 5.8 mg or 174 mg of
trans-aconitate were added. These values indicate 599 and 84
inhibition of acunitase.

No reduction in the formation of labelled CO, was found in
animals injected intra-peritoneally with radioactive citric acid or glucose
before or after dosing with frans-aconitate.  The results are shown in
Table 2.

TABLE 2 -The Effect of trans-aconitate on the in vivo Oxidation of
Citric Acid-1,5-11C or Glucose-U-11C to Radioactive CO.

trans-aconitate

Dosina ‘ Radioactivity in CQO.
° Labelled ; .
ime belore trate! 1
Amoure Tblore St . .
(mg/g Injection # Pre-dosing | Post-dosing
body w(,,: (min) ] |
0.56 30 Glucose-U-11C 266,000 290,000
|
285000
0.35 240, 180. 120, Glucose-U-11C ! 300,000 230,000
and 60 ; !
¢ 290,000
| | |
0.56 30and § Citric acid-1,5-11C S 284,000 302.000
. ‘ |
| | 308,000
i i |
| %
0.56 and ; Citric acid-1.5-11C ] 302,000 - 293,000
| i :
i } 300,000

' Labelled substrates (1 ge in 0.2 ml of sterile 0.9% NuCl solution) injected intra-

_ peritoneally.

® Rudivactivity expressed as counts/min in CO. collected for 3 hr post-injection.
Two values lor the pre-dosing period were collected on conseculive days.
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DISCUSSION

Though single Targe doses of frans-aconitate slightly lowered the
rerum Mg of guinca pigs. single doses amounting to about 107
of the datly dry matter intake did not reduce the serum Mg levels of
sheep. Unlike the study reported by Burt and ‘Fhomas (1961) on the
cffect of dictary citrate on serum Mg levels in calves, where a daily
inteke of citrute amounting to 19 of the diet was fed over 8 wecks.
this experimient invelved only one massive dose. Prolonged dosing may be
more cffective in Towering serum Mg, but this was not observed in guinea
pigs fod on large amounts of sranv-aconitate for 13 days. It is con-
cluded from these experiments that frans-aconitate acid does not play
a major role in controlling serum Mg levels.  However. under conditions
of marginal Mg status, this acid might be a minor factor leading to
hypomagnesaemia.

Likewise, under the experimental conditions used in these studics,
fruns-aconilate does not have any in vivo toxic effect, since no effects
on growth rate of guinea pigs or on eitric acid cycle oxidations were
found.  As the previously reported toxic action of trans-aconitate
could be demonstrated using liver homogenates. the explanation for
the lack of toxicity in vivo may be the impermeability of intact liver
cells to this tricarboxylic acid.
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